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FOREWORD 


This  report  vas  prepared  by  Worth  American  Aviation,  Inc.,  Lot  Angeles 
Division,  under  Air  Force  Contract  A t  33(615) -2496,  "Experimental  Study  of 
Additive  Drag  of  8upersoalc  Propulsion  System”.  The  report  vas  previously 
issued  as  contractor's  report  Ka -66-10  prior  to  Air  Force  approval. 

The  program  vas  sponsored  by  the  Components  Branch,  Research  and 
Technology  Division,  Vrlgbt-Paitereon  Air  Force  Base,  Ohio.  Program 
monitor  vas  Mr.  H.  J.  Orate,  A-’TC,  The  USaF  Project  end  Task  .^.bars  vere, 
respectively,  3066  atd  306603. 

The  program  was  Initiated  on  1  April  1965  and  completed  on  1  April 
I966,  and  the  report  vas  subnitted  by  the 'authors  on  19  Kay  1966  for 
approval.  Experimental  work  vas  carried  out  during  2a.  July  thru  13  August 
in  the  NASA  Ames  6'  x  6'  Supersonic  Vind  Tunnel  with  the  existence  of  NASA 
personnel  R.  A.  Taylor,  Project  Coordinator,  and  C.  E.  Redstrcm,  Project 
Engineer.  Principal  contractor  personnel  vere  0.  C.  Tamplin,  N.  V.  Peterson 
and  L.  C.  Young.  . 

The  Aero  Propulsion  Laboratory,  Turbine  Engine  Components  Branch  (APTC) 
la  maintaining  a  copy  of  the  full  tast  program  data  taps.  Information 
concerning  tape  availability  can  be  requested  thru  that  office. 

Publication  of  this  report  does  not  constitute  Air  Force  approval  of 
the  report  findings  or  conclusions.  It  is  published  only  for  the 
exchange  end  stimulation  of  ideas. 

Ernest  C.  Simpson 

Chief,  TUrbina  Engine  Division 
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ABSTRACT 


t  Inlets  sized  for  supersonic  aircraft  operation  are  oversized  at 

transonic  speeds.  Spilling  excess  air  around  the  Inlet  creates  spillage 
drag  vhich  can  seriously  penalize  the  lov  altitude  penetration  range  of  mixed 
mioaion  aircraft.  Spilling,  also  creates  inlet  cowl  lip  suction  forces 
which  can  cancel  a  portion  of  this  drag,  but  available  data  on  spillage  drag 
and  its  partial  recovery  on  the  cowl  lip  were  not  sufficient  for  necessary 
design  and  performance  studies.  Generalized  wind  tunnel  studies  of  Inlet 
spillage  were  required  to  supply  tne  needed  information. 

In  1964,  NAA/LAD  designed  and  built  a  "workhorse"  model  for  in-house 
tests  of  pitot  inlet  spillage  drag.  Under  contract  A?  33(615) -2496,  the 
"workhorse"  portion  of  this  model  was  fitted  with  rectangular  supersonic 
inle-s.  Wind  tunnel  tests  were  conducted  and  are  reported  herein.  Testing 
was  done  in  the  NASA  Ames  Research  Center's  6'  x  6'  Supersonic  Wind  Tunnel, 
primarily  in  the  0.7  to  1.4  Mach  number  range.  The  model  had  four  inter¬ 
changeable  ramps,  four  sets  of  side  plates  and  ten  interchangeable  cowls. 

The  primary  test  configurations  were  shock-on -cowl  Mach  2.2  and  Mach  3-°  design 
point  inlets. 

Low  drag  flow  spillage  requires  decreasing  the  inlet  flow  area  by  (a) 
increasing  the  external  ramp  angle  or  (b)  rotating  the  cowl  inward.  Test 
data  show  that  ramp  spillage  creates  lower  total  drag.  The  minimum  spillage 
drag  configuration  would  use  minor  deflections  of  both  ramp  and  cowl.  However, 
the  cowl  actuation  weight  penalty  must  be  considered. 

Experimental  transonic  ramp  pressure  drags  were  normalized  and  compared 
with  transonic  similarity  work  on  wedge  airfoils.  These  ramp  drag  data, 
together  with  cowl  drag  and  spillage  urag  correction  (K>j)p)  factors  developed 
in  this  report,  are  valuable  tools  for  inlet  design  end  performance  studies. 
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Additive  Drag. 

The  change  in  additive  drag  between  Inlet 
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Theoretical  additive  drag. 
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8m  equations  8  and  9. 

Mach  number,  always  used  with  subscript. 

Xxl*  station  Kach  number, 

Preestreaa  Mach  number, 

Mach  nuriber  at  the  cowl  lip  eWtlcn. 

A  drag  a a  defined  by  equation  6. 

Value  of  H  at  (AqAcW  • 

Change  In  value  of  V  between  (Aq/Aq) 

(A0/Ac)pjy  • 

Pressure . 

Pressure  at  an  exit  station. 

Cowl  lip  station  pressure. 
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Preestreaa  and  exit  velocities,  respectively. 

Weight  rate  of  airflow  entering  and  exiting 
from  a  control  volvne  at  freestreaa  and  exit 
stations* 

Angle  of  the  Initial  Inlet  raap  relative 
to  the  freestreaa  velocity  vector. 
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Exit  itatioo  conditions* 

Treestrean  atatioo  conditions. 

Denotes  base  areas  1  and  2. 
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Special  nomenclature  used  in  Appendixes  I,  II  and  III  hare  not  been  included 
All  important  nomenclature  is  either  fully  explained  in  the  text  of  the 
Appendixes  or  a  special  nomenclature  listing  is  fir  an. 
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The  objectives  of  this  vork  vere  (l)  the  experimental  study  of  inlet 
geometric  factors  affecting  spillage  drag  of  rectangular  supersonic  inlets 
and  (2)  the  conversion  of  measured  data  to  correction  factors  vhlch  nay  be 
applied  to  calculated  theoretical  additive  drag  valuas  to  realistically 
estimate  spillage  drag  and  improve  the  accuracy  of  inlet-engine  performance 
predictions* 

Previous  experimental  vork,  references  1  thru  10,  has  generally  been 
restricted  to  drag  studies  of  ccaplete  airplane  configurations.  This 
naans  that  a  vide  variation  of  inlet  geometric  factors  vere  not  considered, 
and,  more  importantly,  that  a  relatively  snail  error  in  measurement  of 
complete  configuration  drag  creates  a  large  spillage  drag  Inaccuracy.  If 
spillage  drag  is  ten  percent  of  the  total  vehicle  drag,  an  error  of  only  one 
percent  in  total  drag  measurement  precludes  meaningful  spillage  drag  studies 
of  nany  inlet  ge oca trie  variations. 

The  vind  tunnel  test  model  used  in  this  investigation  vas  an  Inlet  nodel 
only,  not  a  full  configuration  model*  The  model  vas  constructed  so  that  a 
number  of  inlet  covls,  side  plates  and  external  initial  ramps  could  be 
Interchanged  and  tested. 

The  test  Mach  number  range  vas  primarily  limited  to  Mach  0.7  to  Mach  1.4. 
At  lover  Mach  numbers,  spillage  drag  is  seldom  of  importance,  and  at  higher 
Kadi  numbers  it  is  generally  felt  that  theoretical  predictions  of  spillage 
drag  are  reasonably  ic curate. 

The  vind  tunnel  test  phase  is  efly  summarized  in  Section  U.  Sections 
HZ  thru  VII  are  background  information  for  the  experimental  results  given 
in  the  later  portion  of  this  report. 
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W3XD  TWO®.  T2ST  PHASE  SUMMAHT 


1.  Model.  A  caaprehftE»lv«  deAcriptico  of  the  vied  tunnel  force  model  used 
la  the  investigation  le  gives  In  Appendix  I.  It  vet  a  rectangular,  supersonic 
Inlet  model  having  tvo  external  reaps.  The  second  external  rasp  vas  variable 
fro*  5°  to  12°  relative  to  the  freestreaa  vector.  The  Inlet  vas  constructed 
so  thst  several  cowls,  side  plates  and  fixed  initial  ramps  could  be  inter¬ 
changed.  Ten  cowls,  Cl  thru  CIO,  four  fixed  initial  reaps,  HI  thru  Rfc,  sad 
four  side  piste  sets,  SP1  thru  Brk,  were  tested. 

2.  Wind  Tunnel.  Tasting  was  conducted  In  the  continuous  flow  IASA  Ames  ^ 
6'  x  P  £upersbcle  Wind  Tunnel.  Hon  Inal  test  conditions  were 


Total  Press. 
I960  psf 


3.  Configurations  Tested.  The  following  listing  suognarlses  the  coo  figu¬ 
rations  and  Mach  'masters  at  which  data  were  obtained.  Tbs  ramp,  side  plate, 
and  cowl  configurations  listed  are  illustrated  in  Appendix  X.  Angles  of  tbs 
initial  and  second  ramps  art  a  and  fi  ,  respectively,  with  respect  to  the 
freestreem  vector. 


Con  fig 


m spici 


Test  Mach  Kuchers 

Design  Mo  a  fi  .70  .85  1.1 

3.0  5°  5°  *  x  x 


1.3  l.k  1.7  2.2 


RLSP1C2 

HLSP1C3 

JOSPlCb 

R1SP1C5 

RISPICb 

R1SP1C7 

RlSPlca 

R1SP1C9 

mspicio 

ra^2ci 

R1SP3C1 

kspispsci 
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Test  Mach  Humber* 


Config."  . 

Desiga  Mq 

a 

A  HI 

^5 

1.1 

hi 

hi 

R2SP1C1 

2.2 

7°0 

7°  * 

X 

X 

R3SP1C1 

— — 

12°  x 

X 

X 

X 

X 

R4SP4C1 

— - 

y 

ra  x 

X  . 

X 

x' 

X 

i§° 

4 

X 

X 

X 

R4SP4C4 

• 

5?  x 

X 

X 

X 

X 

♦ 

£ 

X 

X 

r4s ?kc6 

"  | 

£  * 

X 

X 

X 

X 

1 

I 

9°0 

X 

X 

X 

X 

I 

T 

12° 

X 

X 

X 

As  indicated  in  the  second  column,  inlets  having  R1  were  shock-on- 
eovl  design  point  inlets  for  Mach  3.0.  Inlets  having  R2  were  shock  -cm  -covl 
at  Mach  2.2.  R3  and  R4  first  rasps  had  their  leading  edges  at  the  same 
station  as  R1  as  shovn  on  figure  16.  The  R3  and  R4  ramp  configurations 
vere  included  to  show  the  effects  of  first  rang)  angle. 

Since  the  model  did  not  have  boundary  layer  control  features,  subcritical 
stability  at  Mach  2.2  vas  limited.  Ho  analysis  of  these  data  was  worthwhile. 
Analysis  of  the  four  sets  of  Koch  1.7  data  was  limited  because  of  tunnel 
flow  problems  as  explained  later. 
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AEOITITZ  DRAG  C03C2PT 


The  add  it  Its  drag  concept  la  fully  accepted  la  calculating  airplane 
performance  although  no  real  counterpart  of  the  concept  exists  la  nature.  It 
la  a  thrust-dreg  bookkeeping  tool  vhlch  cccrealestly  bridges  the  gap  between 
the  engine  manufacturer's  definition  of  net  thrust,  fg,  and  the  airfrtae 
manufacturer's  requirement  for  Internal  thrust,  fin,  tor  airplane  performance 
prediction. 


Figure  1  .  Propulsion  Hacelle  In  Prsestrssa 
The  alrfreae  aaaufaoturer  requires  eraluatlca  of  P^n 

Purr  •  (j£)  <p  -  po)" 

8 

P  e— •  local  static  pressure 
dA  *-*■»  lncrenental  frontal  area 

where  the  Integral  Is  taken  around  all  of  the  Internal  surfaces  of  the , 
propulsion  system.  The  Integral  region  la  show  on  figure  1  as  the  cross- 
hatched  area  extending  from  streaatube  stagnation,  s,  on  Inlet  leading  edges 
to  the  exit  fron  the  nacelle.  Pjg*  Is  tbs  Internally  generated  thrust  vhlch 
provides  the  propelling  force  for  the  airplane,  but  it  Is  not  evaluated  by 
performing  the  complex  Internal  Integration.  Instead,  the  starting  point  Is 
ths  angina  nanufaetursr's  net  thrust 

Pg  •  [<P.  -  P0>Ae  ♦  Ve/s]  -  [(P0  -  po>\>  ♦  Vo/s] 

A  force  momentum  balance  on  the  cross-hatched  free  body  of  figure  2 
Illustrates  that  P xn  Is  evaluated  by  subtracting  "drag"  of  ths  unbounded 
atreantuhe  from  Pgi 


■ORTH  A Wdl CAR  AVIATIOR.  IRC  /  18<  AREUCI  RIVIIICR 


Figure  2  •  Propulsion  Nacelle  la  Freestreaa 


This  unbounded  streamtube  "drag"  is  termed  additive  dreg,  ®AUD# 


DAEO  " 


Dadd  not  fel-t  00  eircraft  surface  ,  but  it  must  be  subtracted  free 
%  to  obtain  the  required  force-momentum  balance. 

Detailed  examination  of  the  DadD  integral  shove  additive  drag  to  be 
caused  by  airflow  spillage  around  the  inlet.  Figure  3  illustrates  that 
for  the  no  spillage  case,  Aq/a^  »  1.0,  Dadd  *ero  because  the  streamtube 
has  no  frontal  area  for  drag  to  occur.  As  mass  flow  is  reduced,  drag  area 
of  the  streamtube  increases,  static  pressure  within  the  streamtube  increases, 
*nd  Dadd  can  become  large*  Spillage  causes  additive  drag  at  supersonic  speeds 
aa  well  as  at  the  subsonic  speeds  used  In  the  illustration. 


. 


(P  -  PjdA 


dadd  -  o 

Figure  3  • 


Subsonic  Additive  Drag 


External  geometry  of  the  inlet  affects  the  magnitude  of  the  D^q 
Integral  over  the  streamtube.  A  given  spillage  can  be  obtained  with 
various  external  ramp  and  inlet  aide  plate  geometries.  Ramp  angle  may  be 
raised  or  lowered;  side  plates  may  be  cut-back,  allowing  side  spillage, 
or  extended.  Each  external  inlet  geometry  creates  a  particular  stagnation 
streamtube  shape  and  particular  flow  conditions  within  the  streamtube.  In 
magnitude,  Dadd  1*  »  function  of  both  the  amount  of  spillage  and  the  way  it 
is  spilled  (external  inlet  geometry). 
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IV 

ACDITiYI  DRAG  KECOVOT 


Cm  foil  vslua  of  should  rarely  he  charged  as  a  penalty  to  ths 
airplane  at  sObsonlc  sad  lov  supersonic  speeds.  Air  spilling  around  the 
Inlet  increases  Telocity  and  decreases  pressure  on  the  leading  portions  of 
cowl  end  side  plates.  At  reduced  bus  flov  ratios  surface  pressures  drop 
below  ssblent,  and  these  surfaces  produce  thrust  rather  than  drag.  This  is 
Illustrated  In  figure  K  hy  a  typical  subsonlo  data  sample  from  this  research 
prograa.  Part  of  the  Dato  spillage  drag  penalty  ie  offset  hy  spillage  thrust 
created  hy  suction  on  covl  and  side  piste  lips. 


Tlgore  k  .  Additive  Drag  Recovery 


In  airplane  thrust-drag  hookkeeping,  it  is  usual  practice  to  consider 
external  airplane  drag  as  invariant  with  inlet  mass  flov  ratio.  Thrust-drag 
ltssM  vhlch  do  vary  with  mass  flov  ratio  are  included  vlthln  the  scops  of  ths 
propulsion  systea  performance.  Thus,  for  a  given  flight  condition  s  fixed 
airplane  external  drag  is  assigned,  corresponding  to  operation  at  a  given 
Inlet  reference  mate  flov  ratio.  Then,  rather  than  equation  1,  a  new  equation 
of  the  fora 

•  t  ”  t®APD^RSr]  "  *1  *  *  (  4  ®g a>)  **•  (  2  ) 

is  used  to  represent  the  propulsion  systssi. 


mbtn  AMiiieia  AvuTioa.  tat.  /  tot  tssuit  otvittsa 


'l 


Equation  2  la  an  idealized  situation  because  f(4D add  )  of  the  particular 
airplane  la  presumed  to  be  known.  This  requires  the  construction  and  testing 
of  a  ducted  aerodynamic  force  model  of  the  given  configuration  ever  the 
required  range  of  inlet  mass  flow  ratio.  Much  more  frequent  ie  psrf essence 
prediction  for  "drawing  board"  airplanes,  erd  such  data  is  unavailable. 

Zb  practice  then,  equation  2,  is  siodlfled  to  bee  ana 

(Fmj)cOR  ■  ?H  “  f '  [dADD  TBBOHT  *  (&ABD  TZEOm  Jssy]  *9*  (3) 

-  -  f '  (A  D,^  mx>7^) 

A  theoretical  computed  additive  drag  is  substituted  for  actual  additive  orag. 
lfee  f '  factor  is  selected  frees  prevloua  test  date  of  inlets  as  nearly  like 
the  one  in  question  aa  obtainable.  Obviously,  if  (Dadd  i£S03y)  duplicates 
Dadd,  the  desired  f*  and  f  factors  are  identical.  In  the"  remainder  of  this 
report,  the  f '  factor  will  be  called  the  additive  drag  correction  factor  and 
will  be  symbolized  es  K^pp,  conforming  to  the  usage  in  published  literature: 


(*xht)cor  *  *  kadd  t  ^  ^add  Tisorar)  *9*  (*0 

It  is  desirable  that  the  theoretical  and  actual  additive  drags  be  in 
reasonable  agreement.  Only  then  will  K^p  retain  the  physical  significance 
of  the  f  function  of  equation  2*  A  later  section  deals  with  the  theoretical 
additive  drag  calculations  used  for  this  project  and  compares  theoretical 
and  "measured"  additive  drags. 
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figure  5  ahova  a  schematic  of  the  teat  phaae  vind  tunnel  force  cod el 
and  a  free  body  dlagraa  cf  the  force*oanentvsn  balance  which  vaa  solved  to  « 

detexnlne  fypp  and  £  ^aDD*  In  addition  to  iastruaentatlon  for  determination 

of  atatlon  o  and  atatlon  e  conditional  base  preauuraa  and  belaitce  force, 
atatie  pressure  inatruaentaticn  vaa  required  on  the  coil  and  side  plate  Up 
regions  so  that  msnerical  Integrations  of  cowl  and  aids  plate  "pressure  drag 
could  be  aade.  This  latter  lastnauatatloa  is  described  la  Appendix  I  . 


•  a  e 


Figure  J  .  Inlet  Schematic  and  Free  Body  Dlagraa 


Frcn  figure  5  ,  the  chord  direction  forca^oaentua  balance,  the  quantity 

f  (P  -  P0)4*  ♦  Df 


» 


■ORTH  AlltRICAN  AVIATION,  INC.  /  IDS  ANfilUS  DIVISION 

'  ...  »  *• 


can  be  evaluated  as 

.a 


/  (?  -  P0)dA  ♦  »/  -  PbAL  “  (W/g)e  1-  (Pe  -  P0)A#  ♦  (W/g), 


pirat 


X>: 

BASES 


BASE  "  Po^ABASE  “  H 


'*4.  (5) 


By  separating  the  Integral  Into  three  components,  stre astute  drag,  covl  and 
aide  plate  drag,  and  drag  of  the  under-tody  of  the  model 


♦  D#.  -  K 


-l.e.  r 

• 

>• 

/* 

/  (P  -  P0)dA  ♦ 

/  (P  -  P0)dA 

♦  /  (P  -  P0)^ 

/ 

o  L 

/ 

Cowl  [/ 

than,  considering  both  the 
change  fa  pressure  drag  of 
negligible 


‘'ADD 


/(p 


change  In  friction  with  mass  flow  ratio  and  the 
the  under-tody  vith  boss  flow  ratio  to  be 


-?0)4A 


Cowl  + 
Side  Plate 


+  (COHST.)  -  H 


E*.  (6) 


Fran  equation  6  ,  It  Is  clear  that  the  change  In  ”  with  mass  flow  la  Identical 
with  the  change  in  unrecovered  additive  drag  with  mass  flow,  and 


where 


KADD  m 


v  -  Sire? 

4  dadd  oseohc 


Av 

^dADD  TEEOKf 


*«.  (7) 


jj__  c  value  of  H  at  the  reference 
1  inlet  mass  flow  ratio,  (Ao/Ac )re? 


The  quantity  <1  was  found  by  substituting  into  equation  6  the 

numerically  integrated  values  of  cowl  and  aide  plate  pressure  drag 


D^jju  +  (COTST.)  -  K 


Cowl  +  Side  Plate 
Numerical  Pressure 
Drag  Integration 


•  M 


Eq.  ( 8 ) 


Then, 

A  D^DD  "  **  "  Mr£P  m&  ^  (  9  ) 

Figures  6  and  7  illustrate  a  typical  relation  between  A  D.—, 

A  qrjsoHy  1  K^n(  4  D>pp  KEOBY  ) »  «od  Kadd  found  for  subsonic  flow  situ¬ 
ations.  The  short  (dotted)  extrapolations  of  measured  data  shows  In  figure  6 
were  normally  required  to  reach  the  selected  Inlet  reference  mast  flow  ratio. 
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miti  txiitti  Mumaa  nc.  /  ut  aiauii  swines  )  t 

•  i  ' 
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A0/Ae  Inlet  Hus  How  Ratio 
Fifure  6  .  typical  Subsonic  Flow  Results 


Figure  7  •  typical  Subsonic 

Canpariscca  at  A  Dh:?:,  data  and  A  D^._.  an  wainat  in  Section 

Tin.  A  detailed  discussion  of  tbe  mathsnatical  nod  els  and  eenputer  progran 
for  A  D flpp  jssoRf  11  in  Appendix  II.  B»  natfcanatioal  nodels  for 

A  EfcBP  ZSSORT  wre  deliberately  simplified  to  el  low  band  calculations. 
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Mathematical  models  were  deviled  for  the  calculation  of  D^jj  . 

The  nodela  were  kept  reasonably  simple  to  allow  hand  computation*  by  the  user. 
However,  because  of  the  large  number  of  calculations  involved  in  data  analyses, 
a  Fortran  IV  computer  program  was  written  and  used.  Both  mathematical  models 
and  computer  program  are  described  in  detail  in  Appendix  II. 


Subsonic 


Transonic 


Supersonic 


Figure  8  .  Three  Flow  Regimes  t 


Three  mathematical  models  were  constructed*  a  subsonic,  a  transonic 
(detached  shock  wave),  and  a  supersonic  model.  Figure  8  illustrates  the 
three  flow  regimes. 

The  subsonic  model  considers  that  flow  rotates  a  degrees  fra*  free- 
stream  to  ramp  direction  wlt.„<ut  increasing  ramp  pressure.  Ramp  pressure 
Is  a  Imped  parameter  defined  as 

PB  ■  <po  ♦  PUP>/2 

where  Pjjp  is  a  function  of  mess  flow  ratio  only.  All  flow  enters  the  inlet 
in  direction  O  ,  and  the  subsonic  flow  field  is  considered  isentroclc  and 
one -dimensional. 

In  reality,  a  farce  la  required  to  rotate  the  flow  from  the  freeatream 
to  the  ramp  direction.  Ramp  pressures  even  at  maxims*  iossa  flow  ratio, 
mLIP  "  will  rise  above  P0  locally.  Side  spillage  of  airflow  from  the 
higher  pressure  ramp  to  the  freeatream  will  occur,  but  aids  spillage  does 
not  affect  the  maximum  inlet  mass  flow  ratio  in  a  subsonic  flow  field. 
Therefore,  the  simplifying  assumption  of  one -dimensional  flow  is  used  In  the 
mathematical  model,  and  aids  spillage  is  neglected. 
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For  tha  tranaonio  nodal  a  ( doc- is sn tropic'  no  n»al  shock  ware  la  added 
Forward  of  tha  irlst,  auad  rastp  praaauro  la  Util* d  aa  (Pfeg  ♦  Ft.t?)/3« 

supersonic  caao  treats  sddltive  drag  fit*  three  epillageei 

1)  supersonic  spillage  orer  the  cowl, 

2)  subsonic  spillage  over  the  eovl  and 

3)  supersonic  111  age  around  the  side  plate  Free  the 

supersonic  region  forward  of  tbs  teminal  shock  were. 

•he  (taxinun  nass  fiov  ratio  auad  aeeocisted  drag  are  computed  considering 
the  side  spillage. 

For  date  analysis,  D^pp  jgEORy  *o4  (Panp  BEBORT^WEF  vert  individually 
conputed  using  the  spillage  nodele.  then  ^ D^pp  qB0R{  1im  deteminsd  by 


4  dabd  thbort  ■  dai»  mow  *  (dabd  moHr^rasr 


*q.  (10) 
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SELECTION  0?  TEE  ISLET  REFERENCE  HA03  FLOW  RATIO 


Sevsral  factors  vere  considered  la  the  selection  of  (Aq/AcJrsf*  A  listing 
of  the  desirable  characteristics  of  the  reference  value  should  Include: 

1)  The  reference  Ao/Ac  should  be  a  uniquely  definable  flow  condition, 
not  sene  arbitraiy  fraction  of  Agj 

2)  The  reference  should  not  be  restrictive  of  side  plate  garnet ry, 
ramp  angle  or  reap  length; 

3)  The  reference  should  be  a  computed  rather  than  a  measured  value 
since,  in  moat  cases,  the  user  will  not  have  a  measured  reference 
value ; 

4)  The  reference  maes  flov  ratio  should  not  be  trailer  than  the 
normal  operating  nass  flov  ratio  of  the  inlet  since  fynp  Is  not 
defined  above  (Ao/Ac )HZ7; 

5)  The  reference  siass  flov  ratio  should  not  be  so  large  that 
extrapolated  data  are  physically  unrealistic. 

These  factors  suggest  one  of  two  maxtoras,  the  first  being  a  computed 
value  of  maximum  inlet  flov,  the  second  being  the  largest  mass  flov  ratio 
at  vhich  the  inlet  may  be  expected  to  operate. 

For  the  aubsonle  regime  the  selected  reference  mass  flov  ratio  Is 

(Ao/Ac  )rjj  ■  alip/Ac  Eq.  (u) 


This  represents  My,-p>»  Mq  and  PraKP»  po*  The  measured  maxims*  mass  flov  ratio 

at  Mp  •  O.69  for  the  basepolnt  configuration,  R1SP1C1  and  Ct  -  f}  -  5°,  vas 
one-half  percent  larger  than  the  reference  value.  Normally,  boundary  layer, 
internal  contraction  in  the  Inlet,  and  "sharp  lip  losses"  dictate  Inlet 
operation  belov  the  reference. 

For  the  transonic  regime,  the  same  reference  is  used 

(ao/ac)ret  ■  Alip/ac 

The  supersonic  regime  requires  s  different  reference.  Maximus  mass  flov 
ratio  computed  from  the  Supersonic  Mathematical  Model  of  Appendix  IX  vas 
selected:  .  ,  .  . 

(Ao/AgJray  -  (Ao/AgJj^x  CCMFOTH)  Eq.  (12) 

Although  supersonic  side  spillage  was  considered  in  computing  the  maximum*, 
boundary  layer  and  inlet  internal  contraction  caused  measured  maximum e  to  be 
several  percent  lover  than  the  computed  reference  values  for  the  basepolnt 
inlet  at  Mach  1.3  end  1.4. 

The  difference  between  the  reference  value  and  the  measured  maxlmvcs  for 
the  basepolnt  inlet  can  be  seen  on  figures  4j  thru  $0  of  Appendix  in. 
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MEASURED  vs.  THEORETICAL  ADDITIVE  DRAG  ESCKZXETT 


Equation  8  shows  bov  the  curve  shape  can  be  obtained  frets 
experimental  data.  Written  in  terns  of  dreg  coefficient,  the  equation 

beeonee 

T Cowl  4  8id*  Wete  r 

(DABD)/9o4c‘f\';033T*'*  */9o*c  “I  J*'»®rtccl  Pressure  •  C~  •ICfv,  ♦  Ccd 

lDreg  Integration  J  *  L  ^  SJ 

<• 

Plots  of  this  equation  as  a  function  of  nass  flow  ratio  for  configurations 
RISP1C1  thru  C6  where  a  -  fi  -5°  are  shown  on  figures  45  thru  50  for  the 
six  test  Mach  numbers  between  O.69  and  I.69.  The  change  in 


J^e  *  K  4  *]  j 


with  nass  flow  ratio  is  identicsl  with  the  change  in  (D^J/qcAc  or 
(4  DaDd)/<Ioac  vith  mass  flow  ratio.  Since  additive  drag  is  relatively 
independent  of  cowl  shape,  cooglonerate  plots  of  data  fbr  all  six  cowls 
can  be  Bade  at  each  Mach  nuaber. 

Plots  of  D^jjn  THBORf  (or A  DjUjj)  THBOPQf)  adjusted  in  absolute  value 
to  correspond  with  the  measured  data  at  WAc)wj  era  also  given  on 
the  figures  so  that  e  direct  c caparison  between  A  Dadd  and  A  Dadd  KEORT 
een  be  Bade.  Except  for  Mach  i.69,  the  figures  show  the  aeasured  and 
theoretical  curve  shapes  and  elopes  to  be  very  similar.  This  Beans  that 
*ADD  curves  maintain  such  physical  significance  even  though  they  ere 
obtained  frond  D^pp  notd  D^pp. 

Poor  the  subscoic  cases  where  A  Dadd  THEQHT  Xiee  above  A  Dadd, 


IDadd  THEOFtT 

and  1&D  values  should  be  lees  than  1.0. 

POr  the  supersonic  cases  A  DaDu  H*»  above  A  Dado  ffiSOKT  •  Therefore 

A  Dado 

_ : _ >1 

A  Dado  zheqst 

•®d  K^pp  values  say  be  greater  then  1.0. 


miti  uiiatcAi  Mum  isc.  /  ut  uuui  uvitiei 


la  vlev  of  realistic  flow  situations,  agree sent  between  Measured 
values  and  theoretical  values  Is  resarkably  good. 

The  few  cases  of  Mach  I.69  test  data  included  in  this  report  have 
questionable  validity.  Tunnel  flow  problems  vere  encountered  at  this  Mach 
number.  Shadowgraph  pictures  taken  during  the  testing  show  that  a  shock 
wave  from  the  tunnel  vail  struck  the  model  several  inches  forward  of  the 
cowl  lip  during  two  of  the  data  runs.  During  the  other  two  Mach  1.69 
data  runs  there  was  a  change  in  flow  angularity  relative  to  the  model  as 
a  function  of  tlaa.  For  these  re  a  eons,  the  remaining  test  oases  scheduled 
for  Mach  I.69  vere  replaced  by  other  testing  at  lover  Mach  mzabsrs. 
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xx 

COWL  AID  BH5X  PLATS  Vtassam  DKAQ 


Cowl  plus  aid#  pl«t«  pressure  drags  ara  shown  on  figures  51  thru  55 
of  Appendix  m  for  configurations  KL£?1C1  thru  C 6  at  tha  firs  tost  Mach 
nosbers  hatvaaa  0.69  and  1.39*  Co  tha  figures,  aach  drag  eurra  has  a 
dlffarent  taro  drag  rafaranca.  This  spreads  and  separates  tha  data  for 
clarity.  Tha  basic  drag  seals  oa  aach  figure  Is  applicable  to  configuration 
KLBP1C1  only. 

At  both  subsonic  and  supersonic  speeds  cowl  plus  side  Plata  pressure 
drag  Is  decreased  as  Inlet  ness  flow  ratio  Is  reduced.  Additive  drag  Is 
partially  recovered  on  cowl  and  side  plate  llpc.  At  lower  aasa  flow  ratios, 
tha  drag  Is  negative.  These  surfaces  actually  produce  thrust.  Bubscnlc&lly 
and  supersonically  (0.8b  and  1.29  Mo),  tha  drag  drops  to  aero  at  boss  flow 
ratios  as  little  as  5  or  6  percent  below  (Ao/Aq  )jgy. 

As  expected  at  subsonic  splads  tha  rata  of  change  of  cowl  plus  aide 
Plata  drag  with  aasa  flow  ratio  la  not  waxLam  at  nexlam  ness  flow  ratio. 

Tha  drag  recovery  curves  are  aueh  lihe  the  aatbeaetlcal  reciprocal  of  tire 
A  Dadd  or  A  &AW  teeOHT  curve  shapes  shown  on  figures  b5  thru  MS.  At  Mach 

1.29  and  I.39  the  reciprocal  alailarlty  does  not  hold  between  A  D^pp  Trocar 
end  cowl  plus  side  plate  dreg.  Figures  3k  and  33  show  the  rata  of  change  of 
dreg  with  nasa  flow  ratio  to  be,  generally,  naxiaua  at  nartanai  bus  flow  ratio. 
Figures  V8  sod  ^9  show  tha  A  D^jp  fsaoKT  BloP*  be  ■ininun  at  Mudsua  ease 
flow  ratio  and  show  the  A  Dinp  slopes  to  be  nearly  eenstant  for  a  wide  range 
of  sui  flow. 

At  Mach  0.6b,  the  curved  (circular  are)  cowl  configurations  have  low 
drag  at  high  nasa  flow  ratios  and  low  drag  with  0.20  a0/ac  spillage.  The 
straight  cowls  ara  definitely  second  best. 

At  Mach  1.3,  tha  10°  curved  cowl  Inlet  configuration,  RLSP1C1,  still 
gives  the  best  performance,  but  the  ‘6°  straight  cowl  Inlet  configuration  is 
not  too  far  behind.  Of  course,  et  high  supersonic  speeds,  low  cowl  angles 

are  best. 

Cowl  selection  should  be  made  on  the  basis  of  the  over-ell  airplane 
■lesion  and  the  relative  Importance  of  the  critical  daalgs  points. 
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Ilota  of  the  additive  dreg  coefficient,  X*t®,  ixo  girca  la  figure#  5 6 
thru  94  •  Coefficient#  for  the  following  data  are  presented  is  order  of  the 
Indicated  acaiaal  Mach  msaber  listings^! 
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All  currea  are  faired  to  the  reference  mass  flow  ratio*  Because  of  the  large 
and  questionable  fairing  required  for  R1SP1C1,  a  -  5°,  ft  •  12°,  K-j  •  1*09,  the 
fairing  is  shown  as  a  dotted  extension  of  the  data*  Tor  other  cases,  mx- 
tensions  were  shorter  end  were  eiaply  extrapolations  of  hatter  defined  curre 
shapes •  Ae  discussed  and  illustrated  earlier  (figures  45  thru  50),  fairing  to 
(*o'ac'keT  6*&*rally  aeans  a  snail  extrapolation  only. 


It  was  pointed  out  in  Section  VIII  that  the  ratio  (  A  Datjt,)/ 

(  «  ®add  XEBORI  )  would 

1)  causa  Kasd  ▼elves  to  he  less  than  1.0  at  eUbsoclo  end 
transonic  speed,  end 

2)  cause  maxim®  values  of  XAm  to  often  he  greeter  than  1.0 
at  Mach  1.3  and  1.4. 

tba  KxDD  ourv®*  show  these  effects. 


1.  Bie  configuration  W8P1SP3C1  has  two  different  side  plates,  an  SP1  end  an 
8P3  aide  piste. 
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At  Mach  1.09  tod  to  a  degree  at  0.6b,  the  Vflpp  curves  for  RIS'lCb  bora 
aa  unusual  relationship  vitb  data  of  otbar  configurations.  Examination  of 
tba  data  substantiates  thla  tread,  first,  tha  cowl  plus  a  Ida  plata  drag 
curve  shown  aa  figure  53  for  RIEPICb  at  •  1.09  does  show  a  reraraa  of  tha 
usual  eurra  tore.  Those  data  are  independent  of  tba  K^pp  development,  yet 
they  agree.  Second,  examination  of  tbs  cowl  pressure  profiles  elcarly  abov 
a  departure  frea  the  usual  tread.  On  figure  95,  eeoterllne  cowl  pressure  are 
plotted  for  both  tba  C3  (10°  straight)  and  Cb  (15°  straight)  covla.  Considering 
the  C3  data  to  represent  the  usual  pressure  profile  tread,  a  clear  eUbatan-  , 
tlatloo  for  the  cb  K^pp  data  la  apparent.  Tha  Cb  data  show  that  a  very  large 
daeraasa  In  pressure -area  integrated  dreg  occurs  between  aass  flow  ratios  of 
0.68  and  O.50. 


At  low  Baas  flows  both  covla  bare  pressure  distributions  typical  of 
separation  near  tba  leading  edge  of  tba  cowl.  Cowl  C3  above  separation  area 
at  high  mss  flow  ratios.  Cowl  Cb,  at  Aq/Aq  •  0.68,  shove  minor  separation 
then  re -attachment  of  tba  flov.  Vo  separation  Is  Indicated  at  A^/A*  «  O.73 
for  cowl  Cb. 


Tha  Kaxs)  coefficients  for  KLSP1C1  thru  C 6  were  conceptually  computed  aa 
Indicated  In  Section  ▼.  However,  because  only  tha  cowl  was  changed  from 
configuration  to  configuration  it  was  possible  to  eliminate  data  scatter 
seen  in  figures  b5  thru  50.  A  I  of  equation  7  was  found  by  adding  tba 
change  in  integrated  cowl  plus  side  piste  drag  to  tba  A  values  found 
tram  tbs  faired  curves  of  figures  b5  thru  5& 
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Cowl  ♦  Side  Plate 
Itaerleal  Pressure 
Drag  Integration 
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Cowl  ♦  Side  Plate 
Vuaerical  Pressure 
Drag  Zntegretlon 


Share  was  vary  little  scatter  in  the  Integrated  ecwl  plus  side  plate  drags 
as  shown  an  figures  31  thru  5&  snd  almost  sll  VASD  errors  due  to  data 
scatter  (inaccuracy)  could  be  eliminated  for  the  sin  cowl  comparisons. 
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Side  plate  ge ace try  effect*  on  gApn  are  shown  for  five  nominal  test 
Mach  numbers  between  0.7  and  1.4  in  figures  96  thru  10&  XACD  1*  shown  for 
configurations  KLSP1C1,  H1SP2C1,  KLHP3CI,  a  -  0  •  5°. 

At  Mach  0.7*  side  plate  geometry  has  very  little  effect  on  islet  diag 
except  for  large  flow  spillages*  Bier®,  the  drag  of  the  extended  aide  plate 
configuration  is  larger. 

The  same  general  trends  are  ahovn  at  Mach  O.85.  The  cut-back  aide  plates 
look  best  for  high  spillages,  and  the  extended  side  plates  are  considerably 
worse. 

Transcclcally  at  Mach  1.1,  aide  spillage  becomes  very  Important.  High 
drag  will  result  fren  spillage  with  extended  side  plates.  The  cut-back  side 
plates  are  obviously  the  best  if  large  spillages  are  necessary. 

At  the  supersonic  speeds  K/jm  comparisons  do  not  give  spillage  drag 
comparisons  directly  since  a  different  (Ao/Ac)rz7  is  used.  Over-all 
propulsion  system  performance  should  be  evaluated. 
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RAK?  PRESSURE  DIB«XK7Tia*S 


Amp  draft  la  pertinent  to  data  presented  In  the  following  section*  of 
thia  report.  As  shown  In  Appendix  1,  the  Initial  fixed  reap  vaa  Instrumented 
with  four  atatlo  preaaure  tape,  and  the  variable  external  rasp  vaa  lnatru- 
mamtad  with  twenty -one  static  preaaure  taps.  Rasp  drag  coefficients  used 
in  data  analysis  were  obtained  by  sathematleal  pressure-area  Integrations 
based  upon  these  twenty-five  measured  pressures. 


fib 


Figures  lOltluu  lOdrhov  typical  subsonic  (Kq  m  0.8$)  and  supersonic 
at  1.3)  rasp  centerline  pressure  distributions  for  a  range  of  Inlet 
ks  flow  ratios.  Preaaure  distributions  for  tha  following  configuration 0  are 
given  at  sscb  Mach  number: 

K1SP1C1,  a  •  8  •  y 
R1SP1C1,  a  -  5®#  B  ■  12° 

R1SP2C1,  a  -  0  -55° 

KLSP3C1,  a  m  fi  m  5° 

These  configurations  Illustrate  each  major  flow  situation  since  rasp  anjle 
and  side  plats  geometry  are  the  prlasry  geometric  variables  affecting  ran? 
pressure  distribution. 


All  four  aubsonls  cases  show  that  force  is  exerted  by  the  reap  In 
tuning  the  flow  from  the  freestrmam  direction.  Tha  R1SP1  end  SP2  esses  show 
pressures  at  tha  leading  edge  to  be  about  1.1b  PG.  Tha  axtended  side  plates, 
H1SP3,  create  ramp  leading  edge  pressures  In  the  1.2  ?o  to  1.3  P0  range,  and 
■ass  flow  changes  were  clearly  felt  over  the  entire  reap  length.  The  RlSPLCl, 
a  •  5°,  0  m  12°,  configuration  shows  the  preaaure  rise  on  the  second  rasp 
due  tu  toe  additional*  turning.  All  cases  show  tha  expected  reap  pressure  de¬ 
cay  after  flow  tuning  Is  accomplished. 

Supersonically  RLBP1C1,  <*■/?•  $°,  shows  the  affect  of  supersonic  aids 
spillage  In  the  pressure  decay  cn  tha  ramp  aft  of  tha  leading  edge  (figure  10$). 
The  change  of  terminal  shock  wavs  position  with  nass  flow  ratio  can  also  be 
seen.  Pus  to  boundary  layer  build-up  on  tha  lnlst  surfaces  and  slight  internal 
contraction,  a  true  maxims*  aasa  flow  ratio  case  with  shock -co-covl  vaa  not 
obtained.  The  measured  maxima  waa  0.76.  Extrapolation*  of  data  to 
(*o/Ao)re 7  •  >780  were  used  In  the  analysis. . 

Figure  106  shows  tha  situation  of  a  detached  shock  wave  caused  by  the 
second  external  rasp  of  configuration  RlSPLCl,  Of  ■  5°.  0  ■  12°.  Figure  107 
■hows  the  rasp  pressure  distribution  with  tha  EPS  cut-back  aids  pistes. 

Supersonically,  configuration  RLSP3C1,  Of  -  0  ■  $°.  with  the  extended 
aids  plate*  produced  an  unexpected  ramp  pressure  distribution  at  maximum 
nass  flow  ratio.  Vo  ramp  pressure  decay  is  expected  .srwerd  of  the  point 
where  an  expansion  fan  originating  at  tha  Intersection  of  initial  oblique 
shock  wave  and  upper  limit  of  the  side  plate  would  strike  the  ramp.  Ho 
ramp  pressure  decay  is  seen  in  this  region,  but  the  pressure  decay  aft  of 
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this  point  la  extremely  rapid.  The  dp/dx  In  this  region  la  approximately 
twice  aa  great  aa  the  maximum  dP/dx  for  the  SP1  triangular  a  IS  a  plates  and 
approximately  equal  to  the  maximum  dP/dx  of  the  EP2  cut-back  a ldo  plates. 
Further,  the  minima  pressure  after  decay  la  only  1.03  P0,  even  lover  thaw 
the  minimum  pressure  recorded  with  the  cut-back  side  plates.  As  can  be  sees, 
the  terminal  shock  wave  did  reach  the  cowl  lip.  This  did  not  happen  with  the 
other  configurations. 

The  terminal  shock  travel  distance  per  unit  change  In  mass  flow  ratio 
was  largest  for  the  S?3  side  plates  and  smallest  for  the  £F2  side  plates  as 
would  be  expected.  Ike  larger  the  possible  subsonic  side  spillage,  the  smaller 
the  necessary  terminal  shock  travel  for  that  spillage.  Pro  this  data  It  Is 
apparent  that  a  rigorous  mathematical  model  of  the  lrlct  flow  situation  must 
relate  shock  travel  to  side  plate  geometry. 

At  Kq  «  1.3,  the  R1SP2C1  configuration  captured  the  greatest  mass  flow, 
and  KLSP3C1  captured  the  least.  In  general,  as  seen  frem  the  terminal  shock 
wave  position,  maximum  mass  flow  ratio  was  determined  by  inlet  choking.  The 
apparent  trend  is:  the  more  extensive  the  side  plates,  the  more  the  boundary 
layer  build-up  and  the  smaller  the  maximum  mass  flow  ratio. 
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To  eslect  the  proper  inlet  configuration  for  an  airplane,  the 
•valuation  of 

(ynrPcoa  "  yi  •  kadd(  ^  dai©  tebgrx)  to) 

Is  not  enough.  The  total  drag  enargsabls  to  the  inlet  suet  be  evaluated  and 
compared.  This  is 


^lOTAL  •  KAIffi(  4  D*n>  mSOKf  )  +  (DjooW 
►  ^  Covl  ♦  Side  Plate  \ 


Pressure  Drag  j 


R27 


*q.  (i^) 


It  is  proposed  that  the  user  obtain  fren  e  synthesis  of  Beaaured 

data  and  theoretical  calculations.  The  quantity  Kaj^q(  A  D^m  m./  )  can 
he  estimated  from  information  already  presented,  Ibs  quantity 

« 

/  Covl  ♦  Side  Plata  \ 

\  Pressure  Drag  J 

m 


can  be  estimated  from  figures  51  thru  55  for  the  user's  calculated  value 
of  (a oAc)r£F* 

It  is  proposed  that  the  final  quantity  for  equation  lb  , 
be  evaluated  by  uaing  the  nethods  of  the  mathematical  flow  nodal*  or  Appendix 
n  —  vlth  one  exception.  The  exception  is  that  rasp  drag  at  the  reference 
■ess  flow  ratio,  (Dh)rvj,  be  evaluated  on  an  ampirical  rather  than  a 
theoretical  beala.  Section  Z27  presents  the  empirical  basis  tor  (I>b)rep. 
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(  *  3AMF  DRAG  AT  M^ESF 


Reference  11  presents  ft  compilation  of  theory  and  experimental  data 
on  transonic  flow  over  tvo-dinenaicnal  vedges  froa  the  work  of  J,  D.  Cole, 

H.  8.  Taien,  J,  Baron,  W.  0.  Vincentl  and  G.  Gusderly.  The  compilation. 
Illustrated  in  figure  9  ,  is  presented  in  the  forn  of  "reduced  drag 
coefficient”  and  "reduced  Mach  number",  both  of  which  are  functions  of 
wedge,  thickness  to  chord  ratio  (t/c).  Xn  the  "reduced"  fora,  data  froa  many 
vedges  can  be  coalesced  or  normalized  into  the  single  curve  of  figure  9  . 

A  great  deal  of  original  test  data  free  reference  11  supports  the  validity 
of  this  single  wedge  dreg  curve* 


Reduced 
Drag  Coeff. 


Reduced  Mach  Dumber 
Figure  9  •  Wedge  Drag 

A  similar  normalization  of  reference  ramp  drag,  (Dr)retj  has  been 
attempted.  Zt  is  understood  that  complete  data  coalescence  can  not  be  expected 
because  of  inlet  side  spillage  effects,  particularly  above  Mp  ■  1.0.  Ramp 
drags  for  both  single  ramp  ( a  •  0  )  and  double  ramp  (  a  j/3)  inlets  are 
included  by  defining  thickness  and  chord  as  »hovs  in  figure  10. 
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for  the  tested  configurations,  if  measu rad  ttxJam  as«i  flow  rmtio 
exceeded  (Ao/Ac  )rT7,  (Dr)r27  vu  obtained  by  the  strsigbtfdrvard .  poem 
illustrated  in  figure  11.  B owver,  Inlet  choking  canned  by  internal  eon* 
traction  end  boundary  layer  build-up  normally  United  the  maximum  (A©/Ac)  > 
{J^0/Kc)rrrj  situation  to  the  Koch  0.?  teat  data.  Thus,  at  higher  Mach  numbers, 
extrapolations  of  the  raap  drag  data  were  required,  also,  as  illustrated  in 


figure  11.  Raap  Drag  where  figure  12.  Reap  Drag  where 

Max.  Aq/Ac  >  (Ao/^JrZ?  **  Aq/Aq  <  Uq/AqW 


Several  reetrlctlcne  were  pieced  upon  the  allowable  extent  of  extrapo¬ 
lation  to  Insure  against  extrapolating  to  drag  levels  below  the  physically 
obtainable  min  tarn.  Two  restrictions  were  lnpoaedt 

Restriction  l)  for  the  subsonic  and  supersonic  detached  shock 
wave  cases.  Dr  was  not  extrapolated  beyond  the  value  at  which 
corresponding  reap  pressure  extrapolations  showed  sonic  flow 
on  the  rasp  at  the  cowl  lip  station. 

Restriction  2)  for  attached  shock  supersonic  cases.  Dr  was  not 
extrapolated  below  the  value  corresponding  to  the  terminal 
■hock  wave  at  the  cowl  lip  ee  determined  by  rmsq>  pressure 
profile  analysis. 

Both  restrictions  are  given  sore  detailed  treataent  below.  Restriction  2) 
requires  the  least  discussion  and  is  covered  first. 

Restriction  2)  was  applied  to  only  two  cases  used  in  the  (Dr )rjj  suonary, 
KLSF3C1  it  Mo  ■  1.3  end  it  Mo  ■  1>A.  figure io3  illustrates  the  ramp  pressure 
profile  for  the  Mach  1.3  case.  The  terminal  shock  wave  wee  Obviously  at  the 
cowl  lip  at  the  Bantam  measured  mass  flow  ratio*  Supersonic  Mathematical 
Model  of  Appendix  ZZ  accounted  for  no  side  spillage  end  gave  an  (Ao/Ac  )r2T 
larger  than  the  measured  rnaxtan.  for  these  two  eases  the  integrated  reap 
pressure  drag  at  the  maximum  measured  mass  flow  ratio  van  used  for  (Dr)r jy, 
for  the  remaining  attached  shock  cases,  (Dp)Rgy  van  taken  ee  the  extrapolated 
value  of  Dr  at  (Ao/A0)Rjgf. 
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Restriction  i)  ia  baaed  upon  a  hypothesis  of  the  effect  on  reap  drag  of 
the  prosenca  or  absence  of  boundary  layer.  Certainly  there  ia  no  question  or 
the  validity  of  rasp  drag  extrapolation  to  acaorsat  for  internal  contraction  in 
the  inlet,  but  vhat  of  extrapolation  beyond  the  point  where  local  Kach  number 
would  becaae  ocoic  on  the  rrap  at  the  cowl  lip  atatioa  aa  illustrated  in 


Figure  13.  Sonic  Flow  at  Inlet  Lip 

The  figure  above  a  typical  variation  of  measured  pressure  at  the  lip 
station  vs.  (Ao/Ac)  found  during  testing  at  Ko  «  O.85  and  supersonically  for 
detachedThock  wave  caaea.  Before  the  extrapolation  reaches  (Aq/A, 
pressures  which  would  cause  local  sonic  flow  on  the  ramp  are  encountered. 
Elimination  of  boundary  layer  would  not  allow  extrapolation  to  (Ao/Ac  /REP* 
but  it  would  allow  the  (P/Po)  ve.  (Ao/Ac)  curve  to  shift  to  the  right  until 
it  Intersects  the  (Ao/Ac) REF  line  properly  at  or  above  the  sonic  pressure 
ratio. 

It  la  hypothesized  that  the  ramp  pressure  distribution,  hence  minimum 
ramp  drag,  will  be  essentially  the  same  when  sonic  flow  la  encountered  at 
the  lip  station  regardless  of  the  presence  or  absence  of  small  amounts  of 
boundary  layer. 

Using  this  hypothesis,  then,  for  all  subsonic  and  supersonic  detached 
shock  cases.  (Dr}r ST  was  taken  aa  the  higher  of  the  two  following  values: 

1)  the  ramp  drag  at  (Aq/Aq)^, 

2)  the  ramp  drag  at  which  local  sonic  now  would  occur  on 
the  ramp  at  the  cowl  lip  station. 

A  summary  of  (Dr)pef  values  obtained  is  given  on  figure  109  along  with  the 
two-dimensional  wedge  drag  curve  of  reference  11  .  As  noted  on  the 
plaafcrm  ramp  area  is  used  aa  the  ramp  reference  area  rather  than  projected 
frontal  area  in  order  to  allow  direct  comparison  to  the  wedge  drag  curve  or 
reference  11 «  In  all  other  portions  of  this  report,  Ag  ref  ere  to  ramp 
projected  frontal  area. 
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Zb  figure  10$  the  subsonic  (Dr) re?  points  are  the  symbols  la  the  negative 
region  of  reduced  Mach  amber.  Ra^xrolesa  of  aide  plate  or  res?  geometry  or 
test  Mach  number,  these  data  coalesced  excellently.  These  subsonic  refereaoe 
drags,  particularly  those  at  Mach  0.7,  lie  above  the  wedge  drag  curve  as 
should  be  expected.  Wedge  flov  corresponds  to  higher  values  of  (a ©Ac)fE? 
than  have  bees  assigned  to  the  inlets. 

It  can  be  seen  that  (Dy^Rvp  is  not  aero  subsonic  ally  as  is  predicted  by 
the  aathenatical  models  of  Appendix  ZZ.  for  this  reason  an  empirical  rather 
than  e  theoretical  value  of  map  drag  baa  been  suggested  for  calculating 
DjOTAL  equation  14  . 

Ibe  solid  symbols  00  figure  109  represent  inlet  operation  at  supersonic 
speeds  with  e  shock  wave  detached  from  the  initial  inlet  rasp.  All  data 
except  the  Mach  1.3  and  1.4  caaea  of  R3SP1C1  show  reasonable  coalesesce, 
especially  since  data  separation  due  to  side  spillage  la  to  be  expected 
supersonically.  Zt  is  apparent  that  aide  spillage  causes  the  reference 
reap  dreg  values  to  fall  veil  below  the  two-dimensional  wedge  dregs. 

The  five  flagged  symbols  represent  two-ramp  inlet  operation  (  Ctff}) 
where  an  oblique  shock  wave  is  attached  at  the  initial  ramp  and  a  detached 
shock  wave  stands  Just  forward  of  the  second  ramp.  The  mathematical  models 
of  Appendix  ZZ  were  not  designed  to  compute  e  reference  mass  flov  ratio  for 
-these  caaea.  Therefore,  these  five  points  are  shows  for  the  maximum  measured 
mass  flov  ratio.  Because  tunnel  flov  was  slightly  misaligned  at  Mach  1.3  and 
1.4  and  because  on  a  comparable  (A0/ac)Rq>  basis  these  drags  should  be  acme* 
what  lover,  it  is  suggested  that  (DrJrvj*  values  for  similar  inlet  operation 
be  selected  at  the  lover  limit  of  the  ’rriaary  range  of  data”  shown  on  the 
figure. 

The  open  symbols  (unflagged)  at  the  right  of  figure  109 denote  (Dk)re? 
values  for  the  supersonic  flow  case  where  an  oblique  shock  wave  is  attached 
et  the  initial  inlet  wedge  and  a  ■  fi  .  Except  for  tbs  KLSP3CI  cases,  ramp 
drags  were  extrapolated  to  (A0/Ac)Kry  to  find  (Dr)r£7  »  Analysis  of  the 
ramp  pressure  profiles  for  these  cases  showed  that  the  computed  (Ao/Ac)he?. 
values  were  too  email  to  correspond  to  shock -on -cowl  operation. 

Zt  is  proposed  that  reference  ramp  drags,  (Dh)ret  *  selected  from  the 
"primary  rang#  of  data"  of  figure  109 

As  a  first  attempt,  ramp  d>C|  normalization  has  been  very  successful 
subsoolcally  and  reasonably  successful  supersonically.  A  means  of  unification 
of  ramp  drag  data  for  performanca  prediction  seems  to  be  almost  a  necessity  . 
considering  the  .  metric  variations  from  inlet  to  inlet.  The  reduced  drag 
vs.  reduced  Mach  number  presentation  of  figure  109  appears  to  offer  a 
reasonable  approach.  More  sophisticated  aatheneticel  flov  models  for 
<\A  )RE7  predictions,  especially  at  the  higher  supersonic  speeds, ere  e 
desirable  refinement  of  this  approach. 
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SPILLAGE  DRAG  COMPARISON  -  KLSPIC1  THRU  IU.SP1C5 


The  chargeable  Inlet' spillage  drag,  O^O'CAL*  ia  g*ven  la  coefficient 
fora  for  configurations  R1SP1C1  thru  C6  at  Mach  0.64  and  1.29  la  figures  110 
and  111  of  Appendix  III.  &202AL  in  equation  14  was  defined  me. 


^  /  Cowl  ♦  Side  Plate 
l  Pressure  Drag 
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Cowl  ♦  Side  Plate 


and  its  evaluation  was  explained.  Evaluation  of  D^xcal  tT<M  actual  experi¬ 
mental  data,  as  in  this  case,  is  more  direct.  Consideration  of  equations 
and  14  shows  that 


(Wray]  ♦  [/(p-p0><*] 


Cowl  ♦  +  tDADD^RE?  (W) 

Side  plate 


The  first  term  was  obtained  directly  frcsi  fiaures  45  thru  50,  the  second 
tern  frco  figures  51  thru  55.  The  tern  (Dadd)re?  vsa  evaluated  as  discussed 
in  Sections  XIII  and  XIV. 

As  can  be  seen  from  the  figures,  the  circular  are  cowls  are  best 
subsonlcolly.  The  three  straight  cowls  are  definitely  second  beat.  Super- 
sonclally  at  Kach  1.29,  the  Cl  10°  circular  are  cowl  and  the  6°  straight  cowl, 
C2,  were  best  and  quite  comparable.  At  high  supersonic  speeds  low  angle  cowls 
are,  of  course,  best. 

The  thick  cowl,  C6,  had  low  drag  both  subecnlcally  and  supersonically 
at  Mach  1.3  for  very  large  spillages.  However,  at  high  supersonic  Mach 
numbers  the  drag  of  C6  la  expected  to  be  large. 
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Measured  external  nodal  dreg  coefficient#  vs.  mss  flow  ratio  ara  gives 
for  configurations 

WLSP1C1;  a  m  50,  0  •  5° 

HLSPlClj  <*•  5°,  £  ■  9° 

R1SP1C1)  a  -  5°,  £  •  12° 


R1SP1C1,  a*  fi  .  50 
HLSP1C9,  am  B  m  f 
RlSPlci6,a  -  0  -  50 


far  Mach  O.85,  1.1  and  1.3  In  figures  112 thru  Ufcof  Appendix  HI.  She  upper 
part*  of  these  figures  illustrate  the  effect  of  ineraasing  the  variable  rasp 
angle.  B»e  lower  curves  show  the  affect  of  vtrying  the  cowl. 


On  the  abscissa  nr  it  of  the  figures,  the  captured  airflow,  Aq,  Is 
ratioed  to  the  capture  area  of  the  R1SP1C1  configuration.  This  was  done 
because  of  the  changing  inlet  capture  area  involved  la  varjlng  the  cowl. 
Using  a  fixed  Aq  In  the  Aq/A.  ratio  all  ova  direct  ccnparisca  of  spillage 
drag  by  varying  the  rasp  angle  and  by  varying  the  cowl. 

She  ordinate  ails  show  neasured  ccdal  drag  as  daflaed  by  eqjiaticn 
Thus,  the  ordinate  axle  drags  are 

(P-P0)dA*j  ^  +  ♦(COST.)  -  ■ 

J  Side  PUte 


and  contain  a  constant  drag  value  pertaining  only  to  the  nodal,  not  to  an 
aircraft  propulsion  syatea.  e 

She  chargeable  inlet  drag  at  (Ao/Ac )r SP  for  B18P1C1,  a  mfi  •  tf* , 


(Dabd)kep  ♦ 


( 


Cowl  ♦  Side  Plate 
Pressure  Dreg 


) 


BET 


(D)rEP 

RLBPia,  am  0 


5° 


as  daflned  in  equation  2U  is  Indicated  on  eech  figure.  Shea,  the  chargeable 
drag  for  any  configurations  becomes 

DjOIAL  "  DADD  ♦  £  /(P-Pc^j  ^  ^ 
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tor  example  an  figure  112  DgOTAL  &SF1C10  at  Kach  0.8$ 


Ptoial 

to  ^ 


H 

r— r—  -  (.2060  -  .02$4) 
to  Ac 
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yA»T9  Aq,  again,  la  the  capture  area  of  R1SP1C1.  * 

Aa  can  be  aeen  free  the  data  of  figures  U2  thru  life  both  increasing  the 
ranj>  angle  and  varying  the  covl  reduce  spillage  drag,  for  the  particular 
■odel  gccastriea  tested  and  for  anticipated  spillages,  rssp  variation  shoved 
lover  spillage  drags  than  covl  variations.  A  Bin  lean  drag  configuration  could 
be  obtained  by  using  the  cccbiratien  of  reap  and  cowl  variation.  Most  super¬ 
sonic  aircraft  mist  have  a  variable  reap.  A  variable  cowl  would  be  an  addition. 
Ihe  variable  covl  weight  penalty  mist  be  traded  against  lover  tpilltg®  drag 
before  a  variable  covl  can  be  Justified. 
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8PZLLA0S  DRAG,  SHARP  ra.  ELECT  COWL  UPS 


Several  blunted  lip  covls  vere  tested  for  possible  application  1a 
hypersonic  Inlets.  Figure  11 5 above  a  ccr.p? risen  of  the  external  drags  of 
configurations  F1SP1C1,  C7  and  C8  at  Hach  O.65  and  1.29.  The  abscissa  and 
ordinate  axes  of  the  figure  and  the  "aero  drag  reference"  of  a  sin  liar 
presentation  vere  explained  in  detail  in  the  preceedlng  section.  Again, 
drag  is  shoun  ratloed  to  the  capture  area,  Ac,  of  configuration  KLSP1C1. 

Covl  Cl  had  e  sharp  lip.  Covls  C7  and  C8  had  lip  radii  of  0.0V  and 
0.1",  respectively.  At  0.6$  Mach  the  drags  of  R1SP1C1  and  C7  ere  very 
comparable.  The  snail  drag  difference  at  the  high  ness  flow  end  of  the 
plot  nay.  In  part,  be  due  to  data  scatter.  She  larger  lip  radius  on 
R1SP1C8  did  cause  a  drag  penalty. 

At  Mach  1.29,  configuration  drag  vas  very  definitely  a  function  of  lip 
bluntner s .  The  snail er  the  lip  redius,  the  smaller  the  dreg. 


•situ  akisicas  aviatioi.  isc.  /  lot  Aasiui  eivitioa 


xrm 

CGRCLUB1G3S  AKD  HECG14SJBAIOTS 


1*  When  transonic  inlet  performance  is  considered  in  inlet  selection,  the 
total  chargeable  dreg  of  the  various  inlet  configurations  should  be  evaluated. 
Though  a  given  inlet  coy  achieve  a  high  degree  of  additive  drag  cancellation, 
the  total  drag  of  that  inlet  say  eliminate  it  free  consideration. 

2.  Lover  spillage  drags  were  obtained  by  using  rotation  of  the  variable 
external  reap  of  the  inlet  to  deflect  excess  airflow  than  by  using  invArd 
rotation  of  a  variable  covl  to  spill  air.  Since  e  variable  second  external 
reap  is  normally  required  on  supersonic  rectangular  inlets,  there  is  no 
additional  weight  penalty  involved  in  using  the  variable  reap  to  obtain 
lower  transonic  spillage  drags. 

3.  The  combination  of  variable  covl  and  variable  rasp  should  achieve  lover 
spillage  drag  than  tha  racp  alone.  However,  the  transonic  spillage  drag 
decrease  Bust  be  traded -off  against  variable  covl  weight  penalties. 

K.  Blunting  the  leading  edge  nf  the  10°  circular  arc  covl  had  little  effect 
upon  additive  drag  cancellation,  and  edge  blunting  did  increase  total 
chargeable  inlet  drag.  If  lip  blunting  is  required  for  take-off  performance 
increases,  for  entl-loing  or  for  beat-transfer  or  structural  reasons,  the 
blunting  penalties  at  transonic  speeds  can  be  estimated  from  data  included 
in  this  report. 

5*  Circular  arc  cowls  with  l(fi  and  15°  initial  angle  shoved  lower  dreg 
than  the  6°,  10°  and  15°  straight  cowls  at  Mach  0.85,  both  at  the  reference 
.  mass  flow  ratio  and  0.20  Ap/Ag  lower.  Supersonically  at  Mach  1.3,  the  10° 
circular  arc  covl  was  still  best,  but  the  6°  straight  cowl  was  a  very  close 
second.  Of  course,  et  high  supersonic  speeds  low  cowl  angles  are  desirable. 

6.  Mathematical  models  for  the  computation  of  theoretical  additive  drag 

have  been  devised.  The  models  were  deliberately  simplified  to  make  band 
calculations  practical.  Because  of  the  large  msaber  of  such  calculations 
involved  in  test  data  analysis  a  computer  program  was  written  and  is 
included.  In  addition,  additive  drag  correction  factors,  Kj^q,  were 
determined  for  a  number  of  inlet  configurations  from  experimental  data;  By 
using  K^}q  and  A  DADD  which  is  obtainable  from  the  mathematic*! 

models,  tha  drag  for  airflow  spillage  below  the  reference  mass  flow  retie 
can  be  determined. 

7.  Ramp  pressure  drags  at  the  reference  mass  flow  ratio  for  transonic  speeds 
have  been  normalized  and  cccpircd  with  wedge  drag  theory  developed  in 
reference  11.  These  data  provide  useful  empirical  information.  Cowl  plus 
side  piste  drags  for  a  msabei  of  configurations  have  also  been  determined. 

The  empirical  ramp  dreg  and  e;vl  plus  sldt  plate  drag  (at  tha  reference 

mass  flow  ratio)  can  be  use<  to  oocspute  total  inlet  drag  at  the  reference 
mass  flow  ratio. 


i 


31 


mitm  AataiCMj  aviauos.  Me.  tot  ahum  amsioa 


8.  Total  chargeable  lalet  drag  at  any  mass  flow  eaa  be  found  by  swain  g 
XaSO  (  &  DAM)  TEEOHT  )  f«a  ltan  (5)  and  total 'drag  at  the  reference  asaae 
flow  ratio  at  dlscuaaed  in  item  (7).  It  la  reccnnended  that  care  be  taken 
in  selecting  K;ypp  and  the  covl  plus  side  plate  drag.  Covl  shape  was  found 
to  be  very  Important  In  spillage  drag. 
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APPFKDDC  1 

W2TO  TUSIEL  KCDTX  DESCRIPTION 


1.  General.  Die  model  description  within  this  appendix  includes  all 
information  seeded  for  ccsprchonaicn  of  the  reported  data.  A  detailed 
description  of  the  model,  model  construction  drawing •  and  a  description  of 
the  on-test-site  data  reduction  equations  are  avail able  in  references  12  or 
13  • 

2.  Oyer-all  ArraaTcncat.  Figure  14  illustrates  the  force  model  assembly. 
In  general,  only  components  of  aerodynamic  interest  are  show*.  Basically, 
the  inlet  is  categorized  as 

a)  superoonic, 

b)  rectangular, 

c)  external  reap  type. 

Interchangeable  covls,  side  plates  and  fixed  initial  romps  vere  constructed 
for  the  model  and  ter ted.  Variable  romps  were  attached  to  the  aft  end  of 
the  fixed  initial  ramp.  The  ramp  train  conflicted  of  the  fixed  initial 
ramp  (interchangeable),  a  cccond  external  romp,  an  Internal  throat  panel 
and  an  aft  panel.  The  throe  variable  panels  vere  remotely  actua table  freo 
the  wind  tunnel  control  room,  allowing  the  second  external  ramp  to  be 
adjusted  thru  an  angular  range  of  5°  to  12°  with  respect  to  the  free  stream 
vector,. 

The  ramp  train  was  connected  together  by  rotating  ’’piano"  hinges.  For 
each  interchangeable  ramp  installation,  the  forward  hinge  axis  of  the 
variable  external  tamp  was  fixed.  Power  linkage  of  the  parallelogram  type 
was  attached  to  the  throat  panel  only.  Bras,  all  thr.oat  panel  locations 
could  be  described  by  a  series  of  translations  of  the  panel  along  and 
perpendicular  to  the  fixed  longitudinal  axis  of  the  model.  A  sliding 
hinge  at  the  aft  end  of  the  last  panel  in  the  reap  ti-aln  allowed  the  end 
of  that  panel  to  slide  back  and  forth  along  the  rub sonic  diffuser  vail. 

To  simplify  drag  measurements  neither  the  rasp  train  nor  any  other 
surface  of  the  model  had  boundary  layer  removal  provisions.  Since  boundary 
layer  was  not  bled  off,  care  was  taken  to  eliminate  the  possibility  of 
flow  separations  in  the  forward  portion  of  the  inlet  caused  by  Jets  of 
high  pressure  air  fed  into  the  duct  f"oa  beneath  the  rasp  train.  "Teflon" 
strips  were  Inserted  Into  the  edges  of  he  external  rasp  and  the  throat 
panel.  This  created  »  tight,  though  sliding,  seal  between  ramps  and  duct 
vails.  The  "piano"  hinges  at  the  Juncture  of  the  external  ramps  and  at 
both  end  1  of  the  throat  panel  vere  entirely  encased  in  hardened  liquid 
rubber.  The  rubber,  though  filling  all  Joints  of  the  hlcges,  was 
sufficiently  elastic  to  allow  the  necessary  minor  rotations  of  the  rasps. 

At  the  Juncture  of  the  "live”  and  "dead"  portions  of  the  force  model 
a  labyrinth  seal  was  installed  which  virtually  eliminated  flow  leakage, 
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Though  small,  tha  leakago  flow  vns  cr.lcul..ted  from  measured  pressures  across 
the  seal  using  seal  calibration  curves.  All  data  war*  corrected  for  seal 
lode  ago.  "Lira"  section  exit  conditions  (total  and  static  pressures)  were 
mcasurod  by  total  bead  rakes,  static  rakes  and  wall  static  taps.  Flew 
•tralgtcnlng  screens  wore  Installed  forward  of  tbs  "live"  section  exit  to 
inprov#  the  exit  velocity  profile. 

She  "live"  and  "dead"  portions  of  the  model  were  attached  thru  a  2  l/2 
Inch  diameter  Task  Mark  111-40037  six  component  force  balance  (280  lb.  rated 
chord  force)  supplied  by  HASA  Ames.  All  pros cure  tape  located  on  the  "live" 
section  of  the  model  were  read  out  thru  HAfA  Ameo  supplied  "Scannivalvea" 
located  an  the  "live"  section.  This  eliminated  tha  need  for  Juzpering 
flexible  pressure  tubes  between  "live"  and  "dead"  -odel  portions,  which 
could  have  caused  force  measurement  errors. 

A  large  aerodynamic  shield  was  fixed  to  tla  forward  end  of  the  "dead" 
section  of  the  model.  The  shield  projected  forward  over  a  considerable 
portion  of  the  "live"  section.  Hot  only  did  the  shield  surround  the 
balance  and  "Scannividvea",  but  it  eurroundod  all  portions  of  the  "live" 
section  of  the  model  where  unwanted  changes  In  pressure  drag  (as  a  function 
of  inlet  mass  flew  ratio)  might  occur  frees  flow  spillage  over  the  cowl  am 
around  tha  side  plates. 

The  Initial  portion  of  the  "dead"  section  consisted  of  a  diffusing 
pipe  and  a  long  section  of  flow  straightening  pipe  ahead  of  the  flow 
metering  nozzle.  Four  different  ante ring  nozzles  had  been  constructed 
to  assure  proper  meter  size  for  various  test  conditions.  Most  "dead" 
section  pressures  were  read  out  thru  "Scannlvalves”  located  on  the  "dead" 
section.  The  metering  nozzle  pressure  instrumentation,  however,  was 
routed  outside  the  tunnel  and  reed  on  high  accuracy  equipment  to  assure 
valid  mass  flow  data. 

A  remotely  actua table  throttling  plug  located  at  the  end  of  the 
model  was  used  for  Inlet  mass  flow  control. 

The  entire  model  assembly  was  cantilevered  frco  the  vertical  tunnel 
strut,  and  the  model  longitudinal  axle  was  fixed  at  0°  angle  of  attack, 

0°  angle  op  yaw  for  the  entire  wind  tunnel  test. 

3.  Interchangeable  Components.  Several  different  initial  ramps,  sets  of 
side  pin too  and  inlet  cowls  were  cons true tod.  The  model  was  such  that 
many  ramp,  aide  plate  and  cowl  combinations  could  be  assembled  and  tested. 
Figure  15  Illustrates  the  assembly  R1SF1C1,  combining  Initial  rasp  Rl, 
side  plute  set  8P1  and  cowl  Cl. 

In  all,  four  initial  nope,  four  sets  of  side  plates  and  ten  cowls 
were  constructed.  Ramps  Rl  thru  R4  are  described  in  figure  16,  side  plates 
SP1  thru  S?k  in  figure  17 ,  and  cowls  Cl  thru  CIO  In  figure*  18  thru  20  • 

The  following  combinations  wre  tested: 
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R1SP1C1 

.  sasmffr  - 

■  .'■•  i«js m?ici 

R1SP1C2 

.  ■•  £0®ic®  : ■■■'  •■ 

R1SP1C3 

•  • S1231CS 

:  ■  ■•'■•■  *jawL* 

R1SP1C4 

:MU*0  ■ 

!  -  "Msptei 

• 

R1SP1C5 

R1SP1C6 

KSf;n  V- 

-  MO&& 

Rio  R1SPI  msp- side  plat*  ?«c»ija.'kiao  resmaecta  t  i&Qdk<n'kKNft 
3.0  Inlet.  KLSP1C1  thru  C6,  -t Er.tr-;,  wrfarinSxe  «w)  ats*#*  variety  „  Yir 
R1SP1C7  and  C8  assemblies  vers  «%»  tbtfpmmUi)  $$&?].&*• 

rations,  a®  K1SP1C9  and  CIO  trith  t&»  fc&sic 

R1SP1C1,  aisulatsd  hinged  covl  cjysretjiift.  .•'•/, 

Combinations  R1SP1C1,  HLSP»^  -S&55P3CI  gad  lUBtt920l  h*Vo  *U*  pUt* 
"(side  aplUago)  area  different  ss..  4sr,ltl«X  ra«v?  sbitsgtA  ar*  ttv^jht 

ottt  ty  the  KLSP1C1,  22SP1C1  **!  f&sacx  ae^cohled.  .. 

Bie  RhSPtol,  C4  and  c5  sortrj  1*  &  JiK*«  £«2  efcwfc^-ioe'iiJ,  2ci*t  wish, 
threo  covl  shape  variations.  .  .  . 

Pressure  Ic3twrr.entc.tloa.  #l'’ihrw  each  ifffltrsBWStAii  . 

with  four  static  pressure  tepa  (Sigwr*  St},  Sittseftw'-ccsj  static  ye.WK.rcw 
vere  recorded  on  the  external  •♦sildiir  wags  (itu^gp*  22).  Ccvia  Ci  thra 
CIO  were  each  Ixustrusantcd  wifi  t«fe.  petfstasstre  fcf*#'  ^Jlgisp#  2J).  tely  £&*« 

platea  SP1  end  SP3  were  inatrusoiwt  {  l-Jgftte  £<»/♦ 

R*a?>  side  plate  and  covl  jravitascs  h*r#  tasis  jmJ&iAsat  part  la  rtpeirtod 
data.  Although  cany  other  ncd^l  mm  TVtm-L<4  tad  \ww*  in  Ista 

reduction,  they  are  not  UluatratKl  m  lilted.  12  cj-  13  {lira 

complete  Instruzentatlon  detalto. 
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Figure  17  .  Side  Plate*  SP1  Hum  SP% 
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Asstsnptior  3)  Ko  subsonic  cpill ago  occur*  over  the  tide 
plate*; 

Assumption  4)  All  flow  processes  are  isaatrcpic  (except 
thru  shock  wave*); 

Assumption  5)  Pa  -  (P0  ♦  PjjpJ/2 

The  first  four  asexaptions  are  general  and  apply  to  all  mathematical  models. 

The  fifth  assumption  applies  only  to  the  subsonic  case.  AsstBptlcn  5) 
enables  the  calculation  of  ramp  drag, 

Dr  •  Ajj(Fr-  P0) 

3.  Mathematical  Model  -  Transonic  (Det&chri  Initial  Shock).  The  transonic 
KflthorafclCAl  coder  of  theoretical  a&lltlve  tng  is  substantially  the  sasae  as 
the  rJbsonic  nodal.  Assumption*  l)  thru  <0  apply.  Assumption  5)  does  not. 
Instead,  the  average  rasp  pressure  is  defined  by; 

Assuaption  6)  PR  -  (P^  ♦  PjjpJ/2 

The  average  rasp  pressure  is  the  arlthoetie  average  nf  pros  sure  behind  a 
detached  normal  shock  (P^)  and  pressure  at  the  lip  (PrTp).  Again, 

^ADD^EEOKT  c“  b*  foya*  frc“  (3-5). 

4.  Mathematical  Model  -  Sxrerscalc  (Attached  Initial  Shock).  The  supersonic 
mathematical  modal  and  the  computer  pro  gras  handle  a  one  external  shock  vara 
(one  rsep)  cose  only.  Model  and  program  can  be  extended  to  Multiple  ramp 
situations,  but  contractual  caaputaticne  for  which  the  progrea  was  specifically 
designed  ware  restricted  to  or*  -*«>  «*?'«. 

A  prise  requirement  of  the  soda'' »  was  a  sicpliriV  which  allows 
reasonably  rapid  hand  computation*  of  theoretical  additive  drag.  Yet,  the 
natfaoaatlcal  model  should  produce  drag  curve  shape*  a  hollar  to  Measured  value* 
If  X/co  3*  to  have  physical  significance.  Ihough  this  was  fait  difficult  to 
achieve  for  the  supersede  ca at,  it  was  successful  a*  la  illustrated  by  figures 

45  thru5°  • 

In  the  supersede  Model,  three  spillages  were  considered;  supersonic 
•pillage  over  the  cowl,  subsonic  spillaf**  over  the  cowl,  ad  supersonic 
spillage  around  the  inlet  side  plates.  All  three  spillages  ate  defined 
below. 

On  an  actual  Inlet,  che  terainal  shock  wave  travels  foie  and  aft  as  a 
function  of  ai&critical  spillage.  However,  for  the  Mathematical  modal, 
Aaaasption  7)  fixes  the  terminal  shock  position  as  illustrated  is  figure  26 . 

Asrwptlou  7)  The  terminal  shock  vara  is  defined  at  a 
normal  shock  which  has  a  fixed  location  an  infini¬ 
tesimal  distance  forward  of  the  cowl. 
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Figure  26.  Supersonic  Spillage 

This  asaisrptlon  leads  directly  to  Assumptions  8)  and  9): 

Assumption  3)  The  drag  of  the  air  spilled  supersonically  ever 
the  cowl  Is  a  fixed  value  at  all  mass  flow  ratios 

^ADD-SUP  “  AoSUP'PRF  "  po> 

where  Pgy  la  the  pressure  behind  a  tvo-diieenslonel  oblique  shoclt 
wave. 

Assumption  9)  All  air  spilled  subconlc&lly  is  spilled  over  the  cowl  In 
distance  dl.  Eras,  If  aide  plates  are  such  that  side  spillage 
occurs,  all  side  spillage  oust  take  place  In  the  supersonic  flow 
region  forward  of  the  terminal  shock  wave. 

The  mathematical  model  considers  aide  spill*,;*  around  inlets  that  do 
not  have  extended  side  plat**.  Figure  27  illustrates  the  area  through  which 
side  spillage  was  considered  to  occur  for  the  mathematical  model  of  an  inlet 


Figure  27  •  Side  Spillage  Area 
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Figure  28.  Side  Spillage  Conditions 

having  triangular  aide  plates.  The  inlet  shown  has  freeatrear  tube  area 
Aq  entering  at  the  lip.  The  area  2  OSA  ■  K-p-n  »a  the  total  side 

spillage  area  for  the  two  aides.  To  determine" the  drag  of  aide  spillage, 
the  spillage  pressure  P^PIL  must  be  determined. 


Figure  28  illustrates  a  flow  ait  -tion  similar  to  aide  spillage.  Two 
channels  of  flow  are  shown-  Initially  they  are  divided.  Downstream  the 
divider  la  eliminated  for  a  abort  distance.  Channel  #1  conditions  are 
initirlly  similar  to  conditions  on  the  first  ramp  of  an  inlet,  Pyp,  Mpjj.  On 
an  i.  m-c  thoy  are  obtained  by  ramp  turning  from  the  freeetreair.  Channel  #2 
represent-  freeatream  conditions.  As  the  flow  passes  the  opening  in  the 
divider,  Channel  #1  flow  expand#,  into  Channel  f2.  This  expansion  fortrji  an 
aerodynamic  wedge  which  create*  an  oblique  shock  wave  in  Channel  #2,  raising 
its  pressure.  The  slip  line  angle  is  such  that  pressures  in  regions  3  end  4 
are  equal.  For  the  email  wedgs  turning  angles,  a  ,  of  conventional  inlets,  $ 
is  very  closely  given  by 


Thus, 


9  *  0/z 


Assumption  10)  KsPH  PsPIL  tr®  obtained  by  calculating  them  to 
be  the  conditions  after  turning  thru  the  wedge  half  angle  fran 
the  freestrenm. 

The  side  spill  flow  is  found  from  the  continuity  equation  to  be 


W  -  ip  m 


T  y-i  2  1/2 

♦  V  ><spil 

2 1  ♦  4^*1 

* 
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and  the  aide  spillage  drag  la 

DADD-SP3L  "  AoSPIL'PSPn  “  Po^ 

In  addition  to  supersonic  spillage  crrer  the  ccwl  and  around  the  aide 
plates,  the  mathematical  model  considers  subsonic  spillage  over  the  cowl  from 
behind  the  terminal  shock.  For  the  case  of  an  inlet  having  extended  aide 
plates  such  that  no  side  spillage  can  occur,  figure  29  illustrates  the 
mathematical  model  flow  conditions  In  the  supersonic  region  forward  of  the 
terminal  shock  wave.  Bare,  flow  A*  enters  the  inlet.  Flow  is  spilled 

supersonically  over  the  cowl,  and  flow  AqSUB  i*  ■Billed  subsonically  over  the 
cowl  in  distance  dl.  Figure  30  is  a  blow-up  of  the  cowl  lip  region  illustrating 
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subsonic  spillage  behind  the  terminal  shock.  Bis  free  body  force-ear-cntua 
diagram  for  obtaining  subsaaic  opiliage  drag,  DaDD-CJB*  *^*°  *bovn. 


for  a  fev  Inlet  configurations  the  raap  cay  "break  cvay"  significantly 
from  a  straight  line  ahead  of  the  covl  lip  plane,  thus  producing  an  expansion 
of  the  raap  flow  by 4  At  tp  (see  figure  30)»  Ob  the  wind  tunnel  model  the 
"break  away"  was  minor.  It  has  been  neglected  in  the  mathematical  model  for 
simplicity  of  hand  computation*. 

Assumption  11)  The  external  rasp  is  defined  as  a  flat  surface 
at  angle  a  up  to  the  cowl  lip  plane. 

Assumptions  10)  and  ll),  respectively,  imply  end  define  the  supersonic 
flow  conditions  on  the  raap  as  being  fixed.  Assumption  10)  Implies  that 
and  do  not  change  with  side  spillage,  and  Assumption  U)  eliminates 
effects  of  minor  rasp  curvatures.  Asauaptlor  12),  below,  clearly  states  this 
invariance  between  oblique  shock  wave  and  ter.Jtnal  shock  wave. 

Assumption  12)  For  Inlets  with  side  spillage  or  minor  raap 
curvatures,  the  Mach  number  and  the  pressure  along  the 
ramp  are  assumed  to  be  constant  and  equal  to  th*  condi¬ 
tions  behind  the  oblique  ramp  shock  wav*. 

Tbs  subsonic  spillage  drag  by  a  force-momentum  balance  is 

DADD-Sbil“yc°*  °  ^LIPALIPML?P’’  PK3AH3MjS^ 


♦  CO*  tf  (PLIp  -  P0)  -  “  Pn)] 

Figure  31  shows  the  complete  flow  field  with  supersonic  spillage, 
subsonic  spillage  and  side  spillage.  As  the  flow  travels  up  the  ramp 
behind  the  oblique  shock  sods  of  the  sir  Is  spilled  over  the  sides,  and 
the  stagnation  streamtube  expands  to  Apy,  although  Assumption  12)  neglects 
the  effect  of  this  expansion  on  P^y  and  f^,.  Thus,  the  mathematical  model 
ramp  flow  conditions  are  those  of  a  two-dimensional  inlet  (no  side  spillage) 
with  a  free stream  tube  area  equal  to  whore 

AcEFF  “  Ao  +  AoSPIL 
Ajj  ■  Aftflyy  (Apy/ A*)/(  Epy/l^j)  (Aq/A*) 

The  total  theoretical  additive  drag  for  the  supersonic  case  Is,  then, 
the  sum  of  the  three  spillage  drags 

(DADD^IH20?Df  "  DADD-OIP  +  DADD-SUB  +  DAED-6P3L 


Supersonic  How  Field  end  lfoueoclature 
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where.  In  sicaary. 

- 

dadd-sup 

•  AoSUp(pJU  •  ?o) 

dadd-sub 

■  y  coe  01  (Pjjp  Aj^jp 
*» 

-  Pg3  a^  ^3) 

♦  co*  a  (Pup  -  ?0) 

•  **3  (*ta  "  po^] 

dadd-spil 

"  AoSP3L  ^PSPIL  *  Po> 

\ 

5*  Mr  chi  eg  Program.  mala  program  of  tha  rectacgula^  Inlet  additive 
drag  prograa  solve  a  the  (DaDD^TZSORY  •Options  Just  described.  Table  I  la 
a  llatlng  of  prograa  subroutines.  A  complete  set  of  flow  diagram  eal  a 
prograa  Hating  are  Included  In  figure*  32  ard  33*  The  supersonic  branch 
includes  an  Iteration  process  that  calculates  the  g-»yfrg«i  mass  flow  ratio 
which  the  Inlet  can  Ingest,  assuming  no  Internal  choking.  This  routine  1* 
entered  If  the  sun  of  the  Input  aass  flow  and  the  side  spillage  la  greater 
than  AogD-KAX*  A  sample  of  the  output  for  thlu  case  and  other  output  cases 
are  included  In  figures  3I*  thru  38.  Figure  39  .nova  the  print  out  key,  and 
table  H  Is  a  Hating  of  print  out  definitions. 

Pvo  major  subroutines  Included  In  the  prograa  ere  discussed  below. 

Flow  diagrams  and  prograa  Ha  tings  for  these  are  Included  in  figures  40 , 
4l»  k2>  and  43* 

The  Heal  Deflection  (IDE?)  subroutine  calculates  the  flow  conditions 
behind  attached  obHque  shock  waves  using  equations  Aron  reference  l1*  . 

If  an  oblique  shock  solution  Is  not  possible,  the  main  program  calculates 
flow  conditions  behind  a  normal  shock  using  equations  fra*  the  ■«*»» 
reference. 

The  Side  Spillage  (SFXL)  subroutine  calculates  the  freestreaa  tube  area 
of  the  air  that  spills  supersonically  around  Inlet  side  plates.  It  Is 
Halted  to  Inlets  having  only  one  oblique  shock,  ae  la  the  main  prograa, 
and  to  the  side  plate  shapes  used  In  this  test.  The  side  spillage  area 
Is  found  by  the  use  of  congruent  triangles  and  the  known  inlet  gsesaetry 
as  shown  In  figure  Mt,  Use  is  made  of  tha  plane  geometry  theorem* 

For  two  congruent  triangles,  the  ratio  of  their  areas  Is 
equal  to  the  square  of  the  ratio  of  a  representative 
dimension. 

Bow  Aq  is  m  iupresentative  dimension  of  the  triangle  OSA,  and.  AcCD-,<AX 
Is  tha  corresponding  dims  ns  Ion  of  OEC.  Similarly,  (*<a2I>-'HAX  -  *o*  1*  a 
representative  dimension  of  ACB,  and  AcSJbHAX  1*  the  corresponding 
representative  dimension  of  OCT., 

O6*  ■  *IUX-ST  (Ao/AofiD-MAx)2 
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ASG  -  Ajjj  Ac)/  A^^j^ 

AS?2L  “  2  f  AKAX-ST  ^Ac/Ao2I>-MAX  ^  *  AC OT  *  ^  "  A</Ao2D-*4AX^ 


Hie  continuity  e  qua  Won  can  sov  be  used  to  convert  the  stress  area  of  the 
spilled  air  to  a  freestreaa  tube  area* 


^oSPIL  "  As?iL(PSPiL/Po)  (*%PIlAo)tin  (tt/2) 


Although  any  amount  of  "cut  back"  area  can  be  used*  AoSPH  should  cot 
be  calculated  for  mass  flows  less  than  (see  figure  41J.  To  use  the 

program  for  extended  or  "tvo-dicenoional’^side  plates*  a  large  negative 
number  muet  be  put  in  for  ACOT/Afl  and  zero  for  /Aq. 
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Jl*ur*  32  •  Mala  Prograa 
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Jigurt  32.  Continued 
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Iteration  on  the  Expression: 


1  [20  ( 


r-1^  I  (J'*D/=C  r-i> 


(Y+l) 


Use  Initial  Value  of  H^tp  Kasr  Inflection 
First  Try  (Xjjp)  -  0.3 


*r/(r-i) 


•(fe)(S)(f)/!9 


CADD-6UB 


»-4 

7  Ho  \Po  A«  Po  Ac  "/ 

-is.(TJi -lY  co .  is  /5s. 

AC  \  p0  /  Ac  \  po  / 


62 


Figure  32  .  Continued 
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Figure  32.  Concluded 
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Table  XX 

Print  Out  Definition 

Syisbol 

Definitions 

ACtnA: 

811#  plat#  *r#  ratio  mines  triangular  #id#  plat# 
area  ratio. 

V*. 

An  Imaginary  area  used  in  aila  spillage  calculation 
a#  the  known  part,  of  a  ccagrutat  triangle  area  ratio. 

*UP^Ac 

Inlet  lip  station  area  ra-lo  measured  from  cowl 
landing  #dg#  to  razp  surface  asaaurad  perpendicular 
to  the  flat  part  of  the  soccoi  reap. 

^irrp/^f 

Inlet  lip  statioo  arc-i  ratio  neasurad  from  cowl 
leading  edge  to  a  straight  line  extension  of  tha 
forward  part  of  the  second  reap  measured  perpendicular 
to  tha  forward  part  of  the  second  ramp. 

Ramp  frontal  area  ratio  naasured  fra*  first  reap 
leading  edge  to  inlet  lip  station  defined  in  A._/a 
(1  -  *UT  coe£AO  ^  c 

AoSPIl/Ac 

Haas  flow  ratio  spilled  supersonic ly  around  th. 
aids. 

Aosua/Ac 

/ass  flow  ratio  spilled  subsonic  ally  ewer  the  cowl. 

*oSUP/A« 

,  e  “ 

Maas -flow  ratio  kpillsd  supsrsonlely  over  th#  cowl. 

y  l  ♦  ' » 

Mass  flow  ratio  entering  the  inlet. 

^ADD-P 

Additive  drag  coefficient,  (D/p©A«). 

Ccadd-* 

Additive  drag  coefficient,  (D/q^Ac). 

r 

^ADD-aPIL 

Portion  of  additive  drag  due  to  supersonic  spillage 
of  tha  air  around  the  sides,  (D/qoAc). 

^AEO-OT 

Portion  of  additive  drag  due  to  vubeanie  spillage 
of  the  air  over  the  cowi^  (D/q0Aa). 

°C ADD -SUP 

Portion  of  additive  drag  due  to  supersonic  spillage 
of  the  air  ovsr  tha  cowl,  (D/feA#)* 

®Rjr/lo 

Vital  pressure  ratio  oo  the  msp. 
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TBble  II  Continued 


Symbol 

Definitions 

«LIP 

Kaob  ausbor  at  tbo  islet  lip  statics* 

Mach  msabor  behind  the  noxsal  shock . 

**RF 

Initial  Ka*h  «*sab«r  co  the  rasp,  (for  supersonic 

Mjji  is  aasuaed  constant  over  the  total  rozp). 

Mo 

Prwstreaa  Mach  master. 

PL3P^o 

Static  pressure  ratio  at  lip  station. 

PBS/Po 

Static  pressure  ratio  behind  the  norsal  shock* 

pR?/pO 

Initial  static  pressure  ratio  oo  the  rasp. 

V 

Inlet  vidth 

X 

Horizontal  distance  fron  the  first  reap  leading 
.  edge  to  the  covl  leading  edge  (in  inchas). 

.  X 

Vertical  distance  fwsn  the  first  ronp  leading  edge 
to  the  covl  leading  edge  (in  Inches). 

a 

First  rasp  angle  -  free  frecstrean. 

y 

Specific  heat  ratio* 

■Mm  amiucai  aviatui,  lie  /  ist  Atsiiit  tivitiea 


Figure  40  Ideal  Defleetico  Subroutine 
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Figure  kO  •  Concluded 
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APPZ3DEC  ZZZ 

CCKPZLATZ03  07  0A»  FLOSS 

Apptsdix  ZC  la  an  accumulation  of  plots  of  dots  or  footer*  derived 
fra*  dsts,  figure*  1*5  thru  11$  Inclusive. 
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»  •savaACT  Inlets  sized  for  supersonic  aircraft  operation  are  oversized  at  trnn- 
sonic  apeeds.  Spilling  excess  air  around  the  inlet  creates  spillage  drag  vfaich  can 
seriously  penalize  the  lov  altitude  penetration  range  of  nixed  mission  aircraft. 
Spilling,  also,  creates  Inlet  covl  lip  auction  forces  which  can  cancel  a  portion  of 
this  drag,  hut  available  data  on  spillage  drag  and  Its  partial  recovery  00  the  cowl 
lip  were  not  sufficient  for  necessary  design  ar.d  performance  studies.  Generalized 
wind  tunnel  studies  of  Inlet  spillage  vers  required  to  supply  the  needed  Information 
la  196h,  lAA/LAD  designed  and  built  a  "workhorse"  cod  el  for  In -house  tests  of  1 
pitot  Inlet  spillage  drag.  Under  contract  A733(6l5)-2!*96,  the  "workhorse"  portion  : 
of  this  nodal  was  fitted  with  rectangular  supersonic  inlets.  Wind  tunnel  tests 
were  conducted  and  are  reported  herein.  Testing  was  done  in  the  NASA  A»»*  Rosesrcn 
Center's  6'x6*  Supersonic  Wind  Tunnel,  primarily  In  the  0.7  to  l.h  Mach  msabsr 
range.  The  nodal  had  four  Interchangeable  ramps,  four  sets  of  aids  plates  ard  tan 
Interchangeable  cowls. 

low  drag  flow  spillage  requires  decreasing  the  Inlet  flow  area  by  (a)  in  ere  a  sin 
the  external  ramp  angle  or  (b)  rotating  the  covl  Inward.  Test  data  show  that  romp 
spillage  creates  lover  total  drag,  lhe  minimum  spillage  dreg  configuration  would 
use  minor  deflections  of  both  ramp  and  cowl.  However,  the  cowl  aotuatlcn  weight 
penalty  oust  be  considered. 

experimental  transonic  ramp  pressure  drags  were  normalized  and  compared  with 
transonic  similarity  work  on  wedge  airfoils.  These  razrs  drag  data,  together  with 
covl  drag  and  spillage  drag  correction  (KaDd)  factors  developed  In  this  report,  ere 
valuable  tools  for  Inlet  design  and  performance  studies. 


DD  1473 


Secsfitjr  Cl«  Mihci&o* 


Sceuntv  C't-sf-iflcaftticn 


14 

■tv  vonot 

1  LINK  A 

|  link  ■  ;  trie  c 

not* 

•  T  | 

not* 

f  »*  |  not* 

wt 

Additive  d r«$ 

. 

Srutsoole  sdditivw  drug 

RwctdJXgular  Inltts 

Vlad  tunnel  tast 

| 

| 

INSTRUCTIONS 


L  ORIGINATING  ACTIVITY'.  Enter  th#  nt»«  and  *iJ/ssa 
»f  Ihe  contractor,  lubcontrac tor,  pronto*,  Department  of  Do¬ 
lans*  activity  or  other  organisation  fcorpereie  m(M  issuing 
(No  report. 

U  REPORT  SECUHTY  CLASSIFICATION:  Enter  the  ever* 
oil  security  classification  of  Ike  rsport*  Indicate  whether 
"Restricted  Data  '  is  includti  Marking  is  to  b#  in  accord* 
ones  with  appropriate  security  regulations. 

2b.  GROUP:  Automatic  downgrading  is  specified  In  DoD  Dt» 
ractivs  5200. 10  and  Armed  Format  !r^-«tr»al  Manual.  Entar 
th*  group  number.  Also,  whan  applicable,  show  the:  opH"**l 
markings  have  boon  uasd  for  Group  3  and  Group  4  as  author* 
iwd. 

3.  REPORT  TITLE:  Entar  the  complete  report  titio  in  alt 
capital  letters.  Titles  in  ell  ceeee  should  be  unclassified. 

If  e  meaningful  tills  cannot  be  selected  without  classifica¬ 
tion.  show  title  classification  in  nil  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTE*  If  appropriate,  enter  the  typo  a t 
report,  mg.,  interim,  progress,  summery,  annual,  us  final. 

Give  the  inclusive  dates  when  e  specific  reporting  period  in 
covered. 

3.  AUTHOR(S):  Enter  the  neme<e)  of  authors)  ea  shown  on 
oe  la  tha  report.  Eniei  lest  name,  first  name,  nnddie  initial. 

If  military,  show  rank  end  branch  ef  service.  The  naevo  of 
the  principal  editor  is  an  absolute  minimum  requirement. 

4k  REPORT  DATE;  Enter  the  date  of  the  report  ee  day, 

month,  year,  or  month,  yean  If  more  then  on#  date  appears 

on  the  report,  use  date  of  publication 

7o.  TOTAL  NUMBER  OF  PAGES:  Tha  total  peg*  count 

should  follow  normal  pagination  procedures,  km.  enter  the 

■umber  of  pagee  containing  information 

Th.  NUMBER  OF  REFERENCE*  Enter  the  fetal  number  ef 

references  cited  in  the  report. 

In  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  ^yJicsble  number  ef  the  centred  or  grant  under  which 
the  rennrt  wee  writtetw 

U,  ft:,  b  Id  PROJECT  NUMBER:  Enter  the  arproprlate 
military  dap  art  mans  identification,  such  ae  project  mimber, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR'S  REPORT  NUMHER(f):  Eater  the  effi* 
cinl  report  number  by  which  the  docua^nl  will  be  Idem  if  led 
mid  controlled  by  the  originating  ectivHy.  This  needier  must 
be  uaique  te  this  report, 

9b.  OTHER  REPORT  NUMBERS):  If  the  report  has  base 
assigned  any  other  report  numbers  Neither  by  the  originator 
er  by  ibe  apensorj.  also  enter  this  numbers). 

M.  AVAIL ABILITY/LIMITATION  NOTICE*  Enter  any  Urn- 
Hat  ions  an  further  disseminstlee  of  the  report,  othor  then  those 


imposed  by  security  classification,  ue*ng  standard  stats  mams 
each  as: 

(1)  '•Qualified  raqvestare  any  abtein  copiee  of  this 
rsport  from  DDC." 

(2)  **  For  sign  aonou*  and  dissemination  ef  this 

report  ey  DDC  is  not  authorised. M 

(3)  **U.  *  Government  egenclee  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 

.  users  shell  request  through 


(4)  **U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC  Other  qualified  users 
shell  request  through 

H 

- - -  * 

(5)  —All  dl.tribu.tM  of  thia  report  1.  controllod.  Qual- 
Iflad  DDC  vaan  Mull  rtcu.il  through 


II  lb.  raport  h.a  baa*  ftmUhad  tc  th.  Offlc*  af  TkMcU 
twrioi,  D.hIm.  of  Coam.ro.  for  Ml.  t«  th.  public,  Ml 
CM.  thl*  lad  aad  «nt«r  lb.  ,iic,  if  kaowa. 

II  SUPPLEMENTARY  NOTE&  Um  Im  addltlawaf  .^m» 
tor,  Mt*. 

12.  SPONSORING  MUJTARY  ACTWITV:  b.ih.MMtl 
UM  project  .fflc.  Or  laborMory  apeaaorlof  Oar* 

It4  Id)  th.  rmiKt  m4  lavalapraart.  .Inch tda  Non, 

IS.  ABSTRACT!  Eat.,  ta  abetract  giving  .  brief  Md  factual 
etumar,  »f  Ih.  docum.nl  iadicattv*  of  th.  raport,  even  though 
It  .Im  .ppaar  altawltar*  ut  th.  bod,  of  th.  t.chnlc.l  ra- 
po"-  If  addltiaaal  apac.  I*  r...lr*d,  .  caatiauatta*  ah««t  MmII' 
k*  attaebad- 

It  I.  kighl,  daalrabt*  that  th.  ab.tr.cl  ./  cla..ifi.4  report* 
k.  uaclaaatfiad.  Each  par.fr.ph  of  th.  ab.tr.ct  Mull  aad  with 
a.  tadic.ttsn  of  tlto  mtiiUry  .occritjr  claatificatioa  of  th.  la- 
farwatlr-n  ui  th.  paragraph,  r*pr.,.nt,<t  „  fr,J.  fgj.  IC).  at  (V). 

That.  It  a.  Ualt.tio.  ca  th.  langth  at  th*  a  bat  met.  Km- 
•mt.  th.  tii||,itM  taagth  la  from  ISO  to  22$  nidi. 

Id'  SET  WORDS!  Ea,  .md.  am  toek.lc.lt,  waaalngM  tana. 
*»  *h«rt  phraa*.  that  chir.ct.rta,  *  mpart  aad  ata,  ha  aaad  as 
ladaa  aatrtaa  for  cataloging  th*  .apart.  Kay  mid.  an  t!  b* 

•  atactad  a*  that  a*  ateurtt,  clottificatloe  ta  raqutrad.  tdoab- 
flara,  auch  at  *dotpa*at  modal  dailgaaliaa.  trad.  aaaM.  ..tutor, 
prajact  cad*  aaa*.  ..Ofr.phjc  tocatioa,  a*,  b*  uaad  a*  ka, 
word*  but  will  b*  follow  mi  b,  *a  ladlcatioa  of  t.chalcal  con- 
1**1.  Tho  aaiifaaaot  *f  I  taka,  nuaa.  .ad  weight.  I*  apUaaal 


M  tot-Mt 


i£2 


Stcsrity  ClassificsUOd 


